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There are many souvenirs of Benjamin 
Franklin (1706-1790) .? 

There are also many portraits, some of 
them famous. For example, the White House 
library contains the 1759 portrait done by 
Benjamin Wilson (1721-1788) in Philadel- 
phia, the only nonpresidential one there. It 
was taken by Maj. John André during the 
American Revolution and then sent to Eng- 
land. The family of Sir Charles Grey, who 
had been in charge of the troop evacuation 
from Philadelphia at that time, presented it 
in 1906 to the White House. Harvard Uni- 
versity boasts the earliest known (Sumner) 
portrait, made in 1748 by Robert Febe in 


*Based upon talks given at meetings of the 
American for the Advancement of Sci- 
ence (Section L, 1936) and the Philosophical So- 
ciety of Washington (1956). t 

* Pamphlets by the National Franklin Commit- 
tee of the Franklin Institute (Philadelphia, 1956) : 
Life of Benjamin Franklin (year by year, 1706- 
1790); H. B. Atuen, Philosopher with a twinkle in 
his eye; E. T. Benson, The foundation for peace 
grows on the farm; Benjamin Franklin, innovator ; 
Benjamin Franklin: Printing and the graphic arts ; 
Benjamin Franklin, the well-doer; Benjamin 
Franklin and aeronautics; Benjamin Franklin and 
business ; Benjamin Franklin and economics ; Ben- 
jamin Franklin and education; Benjamin Frank- 
lin and electricity ; Benjamin Franklin and meteor- 
elogy; Benjamin Franklin and the mutual 
philosophy. 

Convorcet, M. J. A. N. pe, Eloge de M. Franklin 
lu a la séance publique de l’ Académie des Sciences. 
Paris, 1790. 

Crane, V. W., Benjamin Franklin. Baltimore, 
1936. 


Van Doren, C., Benjamin Franklin. New York, 
938 


Foro, P. L., The many-sided Franklin. New 
York, 1899. 

Frankun, W. T., Memoirs of the life and writ- 
ings of Benjamin Franklin. London, 1833. 

Smiru, W., Eulogium on Benjamin Franklin. 


Philadelphia, 1792. \ 


Philadelphia. In the Pennsylvania Academy 
of Fine Arts there is David Martin’s 
“thumb” portrait, done in 1767. The New 
York City Metropolitan Museum of Art has 
the portrait by Joseph S. Duplessis of Paris, 
a picture of Franklin in 1778, the year of his 
presentation at the Versailles Court. In 1955 
the Duplessis 1779 portrait was placed in 
Independence Hall by Harry S. Truman; 
it had been given in 1945 by Charles de 
Gaulle. This picture had originally belonged 
to Madame Claude Adrien Hevetius, who 
had received it from Franklin. The famous 
portrait done by J. Wright in 1782 hangs in 
the Royal Society of London. 

Franklin statues, too, adorn our public 
squares and parks throughout the nation. 
In front of the City Hall of Boston a statue 
portrays Franklin the printer in the front 
and the kite experiment in the rear, the 1783 
Treaty of Paris and the Declaration of In- 
dependence on the sides. The statue at the 
Philadelphia Post Office in 1906 honored 
Franklin as “admired for talent”; a large 
one is in Franklin Hall of the Franklin In- 
stitute. In Washington a statue commemo- 
rates Franklin, on one side as a philosopher, 
on another as a patriot, on the third as a 
philanthropist, and in the front as a printer. 
In the east room of the White House, there 
is a Limoge porcelain bust of Franklin to- 
gether with busts of Washington, Jefferson, 
and Lincoln; they were presented by France 
to Theodore Roosevelt during his term as 
President. The choice of a statue of Frank- 
lin to guard the entrance of the Palmer 
Physical Laboratory together with one of 
Joseph Henry (1797-1878) presents an in- 
teresting enigma. Henry’s association with 
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Princeton University is well known. What, 
if any was Franklin’s connection? 

Perhaps the most personal souvenirs of 
Franklin are his writings.’ At the age of 23 
he suggested for his own epitaph: “The 
Body of Franklin, Printer.” In his will he 
declared, “I, Benjamin Franklin, Printer, 
Late Minister Plenipotentiary for the U.S.A. 
to the Court of France.” John Bartram once 
remarked that Franklin was the only person 
in Philadelphia who had made a success of 
the printing trade. He was appointed public 
printer for the Middle Atlantic States. Poor 
Richard’s Almanac (1733, et al.) could well 
be taken as an American symbol of a local 
boy making good—without the benefit of 
formal education. We are all familiar with 
his Autobiography, called by Carl Van 
Doren “a masterpiece of memory and hon- 
esty.” (Unfortunately, it was left incom- 
plete as of 1757.) The Saturday Evening 
Post, which owed its origin to the Pennsyl- 
vania Gazette established in 1728, still car- 
ries the caption “Founded by Benjamin 
Franklin.” I wrote recently to Ben Hibbs, 
its editor, to inquire if the Post had ever 
published an article on Franklin’s interest 
in physics. The answer was, “No record in 
our files!” To me this is prima-facie evi- 
dence of the neglect of Franklin as a physi- 
cist. Because of a general fear of his un- 
predictable puns, he was not invited in 1776 
to participate in writing the Declaration of 
Independence; although he was the oldest 
member of the Second Continental Con- 
_ gress. Incidentally, he was also the oldest 
member of the Constitutional Convention 
(1787). Honoré de Balzac (1799-1850) once 
remarked that Franklin was the inventor 
of the lightning rod, the hoax, and the re- 
public. 

In connection with science Franklin is 
commonly regarded as a gadgeteer. We re- 
call the Franklin stove, or Pennsylvania 

* Sparks, J., Works of Benjamin Franklin. Bos- 
ton, 1844. 


Franklin Papers, including I. Minis Hays’s Cal- 
endar (1908), at t the American Philosophical So- 


ciety 
Foro, W. C., List o the Denianin, Franklin Pa- 
pers in ‘the Library TESS. 


George Simpson of Princeton 
University on Benjamin Franklin. 
_ Benjamin Franklin Collection of Yale Univer- 
sity. 


fireplace, which he invented in order to re- 
tain heat and at the same time to provide 
fresh air by converting most of the smoke 
into flame. It was his first invention (1742). 
The Metropolitan Museum of Art has a 
1795 model of such a stove that was com- 
pleted in 1773. Another famous invention 
of Franklin was his modification (1759) of 
the so-called armonica, a specimen of which 
is in the Boston Museum of Fine Arts. It 
consisted of 37 glass hemispheres, of differ- 
ent diameters, attached to an iron spindle 
controlled by a belt and treadle. By means 
of a finger or light drum stick one could 
cause these glass hemispheres to vibrate (a 
keyboard was added later). Wolfgang 
Amadeus Mozart (1756-1791) and Ludwig 
van Beethoven (1770-1827) both composed 
music for it; for example, Mozart’s Adagio 
and Rondo in C. Franklin’s mahogany chair 
with a ladder beneath the cowhide seat is 
an equally famous invention; the American 
Philosophical Society has one that was con- 
structed in 1785. Most of us, however, are 
more familiar with the bifocals which were 
made in 1784 for Franklin by a Paris op- 
tician, after he had been using ordinary 
spectaeles for 25 years. Franklin wrote hu- 
morously to George Whately the next year, 
“T understand French better by the help of 
my spectacles.” At the age of 80 he invented 
an instrument for taking down books from 
high shelves—later used frequently by gro- 
cers. 

His formal education having been com- 
pleted at the age of 10, Franklin then 
learned his trade—and thus acquired some 
important skills. He said later, “It has been 
useful to me to construct little machines 
for my experiments, while the intention of 
making the experiments was fresh and warm 
in my mind.” (See the Franklin machine at 
the Franklin Institute and the one at the 
American Philosophical Society in Philadel- 
phia—invented by Philip Syng (1703- 
1789), Junto member.) Some instruments 
invented by him for the lectures of Ebe- 
nezer Kinnersley are at Harvard Univer- 
sity*; for example, the profile of a house 


*Krynerstey, E., A course of experiments in 
electricity. Philadelphia, 1764. 

Couen, I. B., Some early tools of American sci- 
ence. Cambridge, 1 
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that had a lightning rod grounded by means 
of a square that popped out in case of an in- 
complete circuit. The celebrated “Thunder 
House,” purchased in 1789 from the Rev. 
John Prince of Salem, contained a small 
charge of gunpowder that made the house 
collapse if a short circuit occurred from the 
lightning rod to the ground. 

Even when we do think of Franklin as a 
scientist we are apt to regard him primarily 
as an amateur. In “The Amateur in Sci- 
ence,” of the July 1956 issue of Endeavour, 
an amateur was defined as “one for whom 
the pursuit of science is a secondary activity 
in life.” In this sense Franklin was certainly 
an amateur. In those days, however, the 
frontiers of many sciences were so vaguely 
defined by the newly developing profes- 
sional domains that it was easy for amateurs 
to reach vantage points in a relatively short 
time and to direct important advances. It is 
still possible today in those scientific areas 
where observational experience is still more 
necessary than precise experiments. As we 
have accelerated the expansion of knowl- 
edge with refined and quantitative appara- 
tus, it has become iess probable for ama- 
teurs to make much headway—for instance, 
nowadays in physics and in chemistry—but 
a phenomenon like tribo-electricity (ef. Jo- 
han C. Wilcke’s (1732-1796) tribo-electric 
series, 1757) still challenges our understand- 
ing. 

As an amateur Franklin was particularly 
active in the formation of learned societies,® 
notable among these being his Junto (cor- 
rupt for Junta, i.e., council), which was or- 
ganized in 1727 and which met Friday 
evening as does the present Philosophical 
Society of Washington. There were only 10 
members; increase in membership was pro- 
vided through the organization of subordi- 
nate clubs. This group, sometimes called the 
Leather Apron Club, did represent a re- 
markable combination of mechanics and 
sages. For example, it included Thomas 
Godfrey, a glazier; Michael Scull, a sur- 
veyor; William Parsons, a shoemaker; and 
William Maugridge, a joiner. These individ- 
uals were wont to discuss questions of natu- 
ral philosophy, politics, and morals. They 


5 LincecsacH, W. E., Franklin and ie scientific 
societies. Journ. Franklin Inst. 261. 1956. 
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prepared and read papers. (The compara- 
tively rare informal communications of the 
Philosophical Society of Washington are in 
the same tradition.) They would discuss 
such questions as: “What is the reason the 
tides rise higher in the Bay of Fundy than 
the Bay of Delaware? Why does the flame 
of a candle tend upward in a spiral? Whence 
comes the dew that stands on the outside of 
a tankard that has cold water in it in the 
summer-time?” To nonmembers they ad- 
dressed this mind-searching question: “Do 
you love truth, for truth’s sake?” In 1743, 
with the Royal Society of London as a 
model, there was a “proposal for promoting 
useful knowledge among the British Plan- 
tations in America.” In this document it was 
argued “that one society be formed of vir- 
tuosi or ingenious men residing in several 
colonies to be called the American Philo- 
sophical Society, who are to maintain cor- 
respondence.” The Penn family proceeded 
later to “pack” the society, so that it de- 
clined about 1762 and had to be revived 
about 1766. Meanwhile, however, in 1750 a 
young Junto, including two of Franklin’s 
sons, became organized as the “American So- 
ciety for Promoting and Propagating Useful 
Knowledge.” It combined in 1768 with the 
cther organization to form the present Amer- 
ican Philosophical Society for Promoting 
Useful Knowledge; Franklin was the first 
president of the enlarged group. 

Sometimes we forget that Philadelphia, 
being the second largest city in the whole 
British Empire, was a significant cultural 
center during this colonial period. The Li- 
brary Company of Philadelphia (organized 
in 1731) had one of the best collections of 
scientific books in the country. For example, 
its first order, in 1732, included William J. 
’sGravesande’s Mathematical elements of 
natural philosophy (1726), Herman Boer- 
haaves’s A new method of chemistry (1727), 
Hayes’s Fluxions, Drake’s Anatomy, 
L’Hospital’s Conic sections, and Deshall’s 
Euclid. Despite his apparently poor prepar- 
atory education, Franklin read much. Peter 
Collinson presented him with the Philoso- 
phiae naturalis mathematica principia of 
Sir Isaac Newton (1642-1727). By 1740 he 
had read ’sGravesande’s book on natural 
philosophy and Boerhaave’s one on chemis- 


5 
ral 
ide 
oke 
3 8 
m- 
ion 
of | 
ich 
It 
er- 
dle 
ans 
uld 
(a = 
Ang 
wig 
sed 
gio 
air 
is 
can 
on- 
are 
ere 
op- 
ary 
ar, 
of 
ted 
om 
ro- 
m- 
pen 
nes 
of 
el- 
nts 
be- 
er- 
use 
8Ci- 


132 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES 


try, as well as Stephen Hale’s Statical essays 
(1738), J. T. Desagulier’s A course of natu- 
ral philosophy (1738), and Newton’s Optics 
(1728). It may be recalled that he and Ben- 
jamin Thompson, Count Rumford (1753- 
1814), both attended lectures of John Win- 
throp (1714-1779) at Harvard.® 

Notable among Franklin’s scientific ac- 
tivities were the contacts he maintained 
with European scientists.’ Prior to 1728, 
seven of the eight Americans elected to the 
Royal Society of London had been Bos- 
tonians. (It is truly remarkable that Boston 
did not develop science more at that time.) 
During this period, to be sure, the Royal 
Society elected nonscientists as well as sci- 
entists, in a ratio of about two to one. Physi- 
cians were the largest single group (their 
election was a tribute to the broad scientific 
training they had received); they included 
such individuals as Sir William Watson 
(1715-1787), Sir John Pringle (1707-1782), 
John Fothergill (1712-1780), and John Mit- 
chell (1680-1772). On Franklin’s first trip 
abroad he met Sir Hans Sloane (1660-1753), 
physician, naturalist, and secretary and 
later president of the Royal Society, and 
sold him an asbestos purse. About the same 
time he met also Henry Pemberton (1694- 
1771), Gresham professor of physics and 
editor of the third edition of the Philoso- 
phiae naturalis mathematica principia, and 
popularizer of Newton’s ideas. Another 
noted European was Peter Collinson (1694— 
1768) , gentleman, Quaker, gardner, botanist, 
and a merchant of cloth; he became a fellow 
of the Royal Society in 1728 and a member 
of its council in 1732. Franklin’s friends in- 
cluded Fothergill; Erasmus Darwin (1731- 
1802), physician and botanist, poet, and 
“The Sage of Lichfield”—not to mention 
his being the grandfather of Charles Dar- 
win; Capt. James Cook (1728-1779), for 
whose letter of safety he received in 1779 a 
Cook gold medal from the Royal Society; 
James Watt (1736-1819); Joseph Black 
(1728-1799) ; Sir William Herschel (1738- 
1822) ; and the Reverend Dr. Joseph Priest- 


* Brascu, F, E., John Winthrop, America’s first 
astronomer and the science of his period. Astron. 
Soc. Pacific. 1916. 

METROPOLITAN Museum oF Art, Benjamin 
Franklin and his circle. New York, 1936. 
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ley (1733-1804), a kindred devotee of in- 
tellectual, political, and religious freedom, 
who claimed to have become interested in 
science by meeting Franklin in 1765 and 
who was urged by him to write a famous 
history of electricity.’ 

Franklin was equally active in maintain- 
ing contacts with American scientists.® For 
example, he was the one who first sent from 
Europe seeds of Chinese rhubarb, Scotch 
cabbage, and kohlrabi. He encouraged John 
Bartram (1699-1777), whom Carolus Lin- 
naeus (1707-1778) called “the greatest liv- 
ing natural betanist.” In 1749 an electrical 
machine was given by him to Yale Uni- 
versity ; it had to be replenished in 1789 and 
is now in the collection there. In 1758 a 
machine was sent to Winthrop; it was lost 
in the Harvard Hall (library) fire of 1764. 
Wherever Franklin lived he became a source 
of scientific communication. He corre- 
sponded with almost every scientist of note 
on the two continents. 

If we do think of Franklin as more than 
an amateur in science, we are inclined to 
stress his interest in useful knowledge.’ He 
is regarded as a utilitarian par excellence. In 
this connection one quotes from Franklin’s 
1749 “Opinions and Conjectures” in the 
April 29, 1750, letter to Collinson, two years 
after his beginning experiments with electric 
phenomena: “Nor is it of much importance 
to us to know the manner in which nature 
executes her laws; it is of real use to know 
that china left in the air unsupported will 
fall and break, but how it comes to fall, and 
why it breaks, are matters of speculation. 
Tis indeed a pleasure indeed to know them, 
but we can preserve our china without it,” 
and, in the last. paragraph, “Chagrined a 
little that we have been hitherto able to 
produce nothing in this way of use to man- 
kind.” In a letter (September 20, 1761) to 
Mary Stevenson he wrote: “What signifies 
philosophy that does not apply to some 
use?” It will be recalled that Francis Ba- 
con,!! the great promoter of science, was 

* PriestLey, J., The present state and history of 
electricity. London, 1767. 

* Henne, B., The pursuit of science in Revolu- 
tionary America. Chapel Hill, 1956. 

* Piepoe, H.8., Science since 1500. London, 1940. 


_ ™ Farrtneton, B., Francis Bacon, philosopher of 
industrial science. New York, 1949. 
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also a prophet of the usefulness of science. 
It became an article of faith in the eight- 
eenth-century age of enlightenment that 
science should be applicable to the improve- 
ment of the natural conditions of life. More- 
over, the British wars, which had been going 
on with Spain since 1739 and with France 
since 1744, emphasized economic needs. 
With respect to pupils in academies, Frank- 
lin once remarked, “It would be well if they 
could be taught everything that is useful 
and everything that is ornamental.” As to 
the current Harvard education, he did ob- 
serve, “They learn little more than how to 
carry themselves handsomely and enter a 
room genteely and from whence they return, 
after an abundance of trouble and change, as 
great blockheads as ever, only more proud 
and self conceited.” Colleges in those days 
were created primarily for the dissem:nation 
of knowledge (particularly theological) and 
not for creative research. In his own think- 
ing, however, Franklin was concerned first 
of all with the quest for knowledge and then 
only with a search for its usefulness. He 
was not purely utilitarian, otherwise he 
would not at all have become interested in 
electrical phenomena. In June 1783 in con- 
nection with the first balloon experiment of 
Jaeques Etienne Montgolfier (1745-1799) 
and Joseph Michel Montgolfier (1740- 
1810), we recall his celebrated comment: 
“What is the use of a balloon? What is the 
use of a new born baby?” Franklin certainly 
did not follow his investigations primarily 
for personal gains.!* He refused the invita- 
tion of the Pennsylvania Governor to patent 
his stove. He was a genuine scientist, al- 
though he was undoubtedly first of all a 
citizen. For example, his “Plain Truth” grew 
out of his concern about the French and 
Spanish privateers which were harboring 
within 20 miles of Philadelphia in 1747. 

Let us look briefly at Franklin as he was 
viewed by his contemporaries. As for honors, 
he received a master of arts degree from 
Harvard in July 1753, its first honorary de- 
gree in the European sense. In September of 
that same year he received a master of arts 
degree from Yale and in 1756 a master of 
arts degree from the College of William and 


Couen, I. B., Franklin and cen- 
tury. Journ. Franklin Inst. 261: 1956. 
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Mary'*—the only honorary degree granted 
by that institution prior to the Revolution. 
In 1759 he received an LL.D. from St. 
Andrews and in 1762 a D.C.L. from Oxford. 
On November 30, 1753, he became the first 
foreigner to receive the Sir Godfrey Copley 
Medal of the Royal Society of London. In 
1756 he became a member of the Royal 
Society through the initiative of Watson. 
His admission, indeed, was somewhat unique 
in that he was able to qualify without peti- 
tioning, without signing the charter book, 
and even without paying the normal fee. He 
was made a council member in 1760, 1765, 
1766, and 1762. In 1772 he became one of 
the eight foreign associates of the Académie 
Royale des Sciences—the next American to 
become a member was the Swiss-born Jean 
Louis Rodolphe Agassiz (1807-1873), 100 
years later (1872). He was elected to 24 
scientific and educational societies, includ- 
ing the Russian Academy of Sciences. Many 
claims were made on behalf of Franklin. He 
was called the “modern Prometheus” by 
Immanuel Kant (1724-1804), the “father of 
electricity” by the Reverend William Stuke- 
ley (1685-1765), the “Newton of the age,” 
the “Newton of electricity.” The physiocrat 
Anne Robert Jacques Turgot, Baron de 
l’Aulne (1727-1781), wrote, “Eripuit coelo 
fulmen, sceptrumque tyrannis.” John Adams 
(1735-1826) said, “His reputation was more 
universal than that of Leibniz or Newton, 
Frederick or Voltaire; and his character 
more beloved and esteemed than any or all 
of them.” Priestley remarked that the kite 
experiment was “the greatest that has been 
made in the whole compass of philosophy 
since the time of Newton.” Franklin, it must 
be emphasized, was investigating electricity 
when world-wide knowledge of it had public 
interest at a peak. Electrical phenomena 
were awe-inspiring; they produced an effect 
on the public mind akin to that of the atomic 
bomb and more recently of Sputnik. In a 
letter of April 15, 1759, van Musschenbroek 
advised Franklin, “I should wish, however, 
that you would go on making experiments 
entirely on your own initiative, and thereby 
pursue a path entirely different from that of 
the Europeans, for you shall certainly find 
many other things which have been hidden 


* William and Mary Quart. 2: 208. 1894. 
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to natural philosophers through the space 
of centuries.” Franklin was not hampered 
by conventions, by concepts, or even by 
language itself. But the glamor of lightning 
flashes, of cloud electrification, and of the 
lightning rod has always overshadowed his 
real contributions. 

How has Franklin been regarded in the 
light of history? There is an anonymous 
letter to Benjamin Franklin, LL.D., F.RS., 
1777, entitled “In which his Pretensions to 
the Title of Natural Philosopher are Con- 
sidered.” The writer compared Franklin and 
Newton; he felt the latter better qualified as 
a scientist because he was “skilled in the 
science of magnitude and number.” It is 
noteworthy that the Newtonian period in 
American science was much more prevalent 
in Boston than in Philadelphia. I. Bernard 
Cohen has written a suggestive article on 
Franklin as a Newtonian scientist.14 He 
focused attention to two seemingly different 
Newtons. The one personality apparently 
was responsible for the Principia; a work 
couched in Latin, a work concerned with 
theory and mathematics, a work which con- 
cluded with the system of the world. The 
other Newton evidently wrote the Optics in 
English; he dealt essentially with experimen- 
tal observations; he ended it with queries 
and hypotheses. In short, the Optics was not 
a completed theoretical synthesis based upon 
established experimental optical facts. 
Franklin’s own misunderstanding of New- 
tonian mechanics was notorious (cf. his 1747 
letter to Cadwallader Colden (1688-1776) ). 
Franklin, it is true, did emphasize the im- 
portance of experiments. In this sense he was 
truly a Newtonian; some of his speculations 
were similar to Newton’s queries. I am con- 
vineed, however, that Newton was Newton 
—a single, but complex personality. The ap- 

“Conen, I. B., Benjamin Franklin: An experi- 
mental Newton scientist. Bull. Amer. Acad. Arts 
and Sci. 2. Jan. 1952. 

Subsequent to my talks I read with interest 
Cohen’s more recent publication on Franklin and 
Newton (Philadelphia, 1956). He makes a plausi- 
ble case for the eighteenth-century high regard of 
Franklin as a Newtonian in the Optics tradition— 
perhaps, at the expense of depreciating Newton as 
a mathematical physicist. In this instance I my- 
self am inclined to weigh more heavily the unique- 
ness of the individual’s he pee ence than the de- 
velopment of social culations, although I 


recognize everyone’s ine ebtedness to his philo- 
sophical heritage and to his cultural environment. 
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parent difference in his approaches to me- 
chanics and to optics was inherent more in 
the subject matter than in himself. In both 
cases he started with experimental concepts, 
sought simple relations and then attempted 
to create a deductive system from a few ax- 
iomatie first principles. 

In later years Franklin’s work has not 
always been held in the highest esteem. 
William Whewell (1794—1866),)° who fa- 
vored the two-fluid theory, accordingly was 
opposed to Franklin. Even in 1928 Willis 
Steel concluded in his Benjamin Franklin of 
Paris that “the man of science regards quiz- 
zically this ancient’s inventions and so- 
called discoveries.” In the first presidential 
address’ of the American Physical Society, 
Henry Augustus Rowland (1848-1901) ob- 
served that there had been only four signifi- 
cant contributions to physics by Americans 
in the early days, namely, those made by 
Franklin, Rumford, Henry, and Mayer. At 
the fiftieth anniversary of the Society, Gor- 
don Ferrie Hull commented thus on the in- 
clusion of Franklin: “Never heard of as a 
scientist if not known as publisher, states- 
man and publicist.” Basil F. J. Schonland, 
on the other hand, has argued that the “one- 
fluid theory—is today the electron theory of 
matter.”!7 John Trowbridge (1843-1923) 
noted in 1917, “The position of Franklin 
among the greatest men of electricity in the 
estimation of scholars is as follows; Frank- 
lin, Cavendish, Maxwell, Faraday.” Sir 
Joseph John Thomson (1856-1940) has 
emphasized that “the service which Frank- 
lin’s one-fluid theory has rendered to the 
science of electricity by suggesting and co- 
ordinating researches can hardly be over- 
estimated.” I doubt if many of us would 
agree with Robert Andrew Millikan (1868— 
1953)?® that “The world has recently and 
properly celebrated the year 1947 as both 
the 200th anniversary of Franklin’s dis- 


WHEWELL, of inductive sciences, 
ed. 3. New York, 1 
‘Bull. Amer. Phys. Soc. 1: 4. 
1 

Hut, G. F., Fifty Years study in 
contrasts. Science 104: 238. 1 

ScHONLAND, B. F. J. Franklin: 
Natural philosopher. Proc. Roy. Soc. 236. 1856. 

* Trowsrivce, J., Franklin as a scientist. Col. 
Soc. Massachusetts 18. 1917. 

Miuikan, R. A., Franklin’s of the 
electron. Amer. Journ. Phys. 16: 1948. 
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covery of the electron and the 50th anni- 
versary of J. J. Thomson’s unambiguous 
establishment of the electron theory of 

matter.” Incidentally, is it not strange that 
Thomson?’ did not even mention Millikan 
and the oil-drop experiment in his book?! 
In his Introduction to Modern Physics (ed. 
2, 1935) Floyd Karkas Richtmyer (1881- 
1939) listed Franklin with Boyle, Galileo, 
Gilbert, Huygens, and Newton. He then 
qualified this endorsement by noting, “The 
Franklin theory can hardly be called the 
forerunner of all-modern theory which grew 
out of experiments of a very different kind.” 
Through painstaking experiment, through 
scrupulous accuracy, through refusal to sur- 
mise what carefully observed facts did not 
warrant, Franklin did “find electricity a 
curiosity and leave it a science.” I agree 
with Thomson that Franklin was “a physi- 
cist of the very first rank.” 

From this point of view let us review” 
the state” of electricity B.F. (before Frank- 
lin). There are, I believe, four basic facts 
and one commonly accepted theory. First, 
the phenomenon of electric attraction has 
been known for ages; Thales of Miletus 
(640-546 B.C.) had noted the attraction of 
amber. Theophrastus of Eresus (371-287 
B.C.) had called attention to a similar at- 
traction of jet and onyx. Jerome Fracastro 
(1478-1553) added diamond to the list. In 
1551 Jerome Cardan (1501-1576) had noted 
the difference between this kind of attrac- 
tion and that of magnetism. William Gilbert 


” TuHomson, J. J., Recollections and Reflections. 
Lendon, 1936. 

“Tn an informal communication of December 
1958 Sir George Paget Thomson wrote the follow- 
ing in reply to my question about this omission: 
“Millikan’s work on the electron came quite a long 
time after my father’s, and indeed Millikan’s 
method was an adaption of that of H. A. Wilson 
in the Cavendish Laboratory. The beauty of Mil- 
likan’s work, apart from its accuracy is, of course, 
the fact that for the first time it was possible to 
see charges on a drop changing by definite steps. 
While this was an interesting and, indeed, fascinat- 
ing confirmation of what every body has believed, 
it was, I think, only a confirmation.” 

* We are concerned here with the historical facts 
of logical discovery rather than with their socio- 
logical developments and significance, either then 
or now. 

* Wuittaker, E. T., A history of the theories 
of aether and electricity. Edinburgh, 1951. 

Seecer, R. J., On understanding electric break- 
down in solids. ‘Journ. Washington Acad. Sci. 36: 
285. 1946. 
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(1540-1603) of Colchester, a physician to 
Queen Elizabeth I, mentioned in his 1600 
De magnete, magnetisque corporibus et de 
magnete tellure a large** number of so- 
called electrics (like amber) such as glass, 
sealing wax, and precious stones. Substances 
that did not exhibit this behavior he called 
an-electrics (not like amber). In each in- 
stance he detected the effect by means of a 
versorium, i.e., an insulated, pivoted, metal 
needle. It was generally believed at this 
time that friction released electricity as a 
fluid similar to body humors such as blood, 
phlegm, choler (yellow bile), and melan- 
choly (black bile). Attraction for a body 
would then be produced by its contact with 
the effluvia atmosphere stirred up by rub- 
bing (cf. Query 22 in Newton’s Optics). 

Contributions came to be more frequent 
after Gilbert. Sir Thomas Browne (1605- 
1682), who first used the word electricity, 
pointed out in 1646 additional substances. 
In 1675 Robert Boyle (1627-1691), who in- 
vented the word fluid, produced the effect in 
a vacuum. Newton himself observed it 
through a plate of glass. Charles-Francois 
de Cisternay du Fay (1698-1737), botanist 
and superintendent of the King’s gardens, 
concluded that most nonmetallic substances 
behaved similarly. Otto von Guericke 
(1602-1686) made an electric machine in 
1660. A 6-inch sulphur ball was mounted on 
a wooden axle; it could be rubbed by hand 
to produce an electric effect. He noted that 
pointed objects were more easily attracted. 
Newton had a similar one made of glass in 
1675. Francis Hauksbee (d. 1713), curator 
of instruments for the Royal Society, used 
a glass globe which was rubbed with flannel 
and which was attached by a chain to an 
insulated metal such as a gunbarrel. All this 
work was neglected until 1740, when it was 
revived by some Germans. For example, in 
1744 Johann Heinrich Winkler (1703-1770) 
made a machine which had leather stuffed 
with cushions. The electrostatic machine 
soon became an important instrument for 
studying electrical effects. 

The second primary fact known about 
electric phenomena was the electric repul- 

* Gitpert, W., De magnete. Mottelay transla- 
tion 1893; re rint New York. 


Linpsay, . B., William Gilbert and Naas 
in 1600. Amer. Journ. Phys. 8: 271. 1940 
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sion of a freely suspended object after con- 
tact with an electrified body. Nicold Cabeo 
(1585-1650), an Italian Jesuit, first ob- 
served this effect about 1629 or 1630; but 
von Guericke was the first to publish it 
(1672). Du Fay noted that rubbed amber, 
when pivoted, could experience either at- 
traction or repulsion with other electrified 
objects. Accordingly, he suggested in 1733 
an explanation based upon two different 
electric fluids, vitreous and resinous. His 
theory involved cartesian vortices. Abbé 
Jean Antoine Nollet (1700-1776) ,* pupil of 
du Fay, preceptor to the Royal Family of 
Louis XV, and teacher of physics at the 
Ecole de Méziéres, produced a series of 
papers in the memoirs of the Académie in 
1745. According to his view an electric fluid 
had two currents that moved in opposite 
directions, i.e., in and out of a body; they 
were said to be either affluent or effluent, 
respectively. He compared electrical effects 
with thermal properties. Franklin, who 
praised Nollet in a letter to him, incurred 
his distrust and enmity by having this in- 
advertently omitted by Collinson and Foth- 
ergill in the subsequent publication of his 
correspondence. In 1746 George Louis Le- 
clere, Comte de Buffon (1707-1788), a natu- 
ralist, summarized the status of electricity 
as “not yet sufficiently ripe for the estab- 
lishment of the court + f laws, or indeed of 
any one fixed, and . verminate in all its 
circumstances.” 

The third basic fact was electric conduc- 
tion. Von Guericke had found that attrac- 
tion took place to some degree through a 
linen thread. Stephen Gray (1666/7-1736) , 
a pensioner of Charterhouse, performed par- 
ticularly interesting experiments, including 
the derivation of sparks from a boy’s nose 
(1730), the boy being suspended while hav- 
ing his feet rubbed with glass. This experi- 
ment was repeated in 1744 at Philadelphia. 
It was Gray who differentiated experimen- 
tally between a conductor and an insulator, 
which he associated with a nonelectric and 
an electric, respectively. He found, for ex- 
ample, that when wires replaced silk threads 
no electric effects were observed, but that 
they could be transmitted from rubbed glass 


“a J. A. Lettres sur Vélectricité. Paris, 
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by a stick attached to an ivory ball (and 
thus influence a feather used as an electro- 
scope). In this manner he was able to pro- 
duce an effect over a distance as great as 
765 feet. He noted that the transfer of the 
emanation could be accomplished inde- 
pendently of the electrified body; accord- 
ingly, he introduced the concept of a true 
fluid for the first time. Static electricity had 
been so-called because it was regarded as 
stationary. Leakage that occurred fre- 
quently because of poor insulation had only 
made electrical phenomena appear to be 
somewhat capricious and even more mys- 
terious. 

The fourth fundamental fact was con- 
cerned with electric storage. We are all 
familiar with Pieter van Musschenbroek’s 
(1692-1761) famous experiment of 1746 in 
which he tried to store electric charges in a 
phial containing a gun barrel in water. He 
received a severe shock, which in a letter to 
René Antoine Ferchault de Réaumur (1683- 
1757) he insisted he “would not receive 
again for the Kingdom of France.” Priest- 
ley called this the act of a “cowardly pro- 
fessor.” On the contrary, many people 
wished to be thrilled by just such shocks. 
Spectacular experiments were performed 
everywhere. You will recall the Paris ex- 
periment with its 900-foot line-up of hand- 
in-hand Carthusian Monks. Sometimes a 
jar was filled with mercury or with shot. 
Ewald George von Kleist (d. 1748), Bishop 
of Pomerania, who had made the discovery 
independently and possibly earlier, filled a 
phial with alcohol containing a nail. Wat- 
son, apothecary as we!l as physician, noted 
that the shock to a human went through the 
arm and chest because this was the shortest 
path. He coated a Leyden jar with tinfoil 
both inside and out and thus obtained more 
powerful effects. People exposed themselves 
to shock treatments for paralysis (ef. 
Franklin’s Dec. 21, 1757, letter to Pringle). 
In 1750 a hot enough spark, obtained 
through a wire 2 miles long, set ether afire. 
The Leyden jar soon became another power- 
ful new tool for investigating electrical phe- 
nomena. 

Fr«nklin’s one-fluid theory was a major 
contribution to the whole problem. In 1768 
in @ letter to Michael Collinson upon the 


des 

lin 
gla 
rub 

gin 
phe 
wri 
this 

mit 
had 
biog 
tor 
cial 
hav 
in | 

all 
cont 
fluic 
July 
fron 
men 
don 
wert 
glas 
Eac! 
toa 
neut 
for 1 
cons 
work 
a fo 
theo 
of tk 
lowit 

and 
did 1 
the r 
attra 
spon, 
woul 
elect: 

then 
as tk 

abou 
prob 
tact 

most 
theor 

i ter a 

stane 
mitte 


May 1959 


death of Peter Collinson, his father, Frank- 
lin told of the receipt of a 3-foot sealed 
glass, the size of a fist, which could be 
rubbed with a piece of flannel, as the be- 
ginning of his own interest in electrical 
phenomena. On March 28, 1747, he had 
written a thank-you letter to Collinson for 
this apparatus. In the former letter he ad- 
mitted that “this was the first notice I ever 
had of that curious subject.” In his Auto- 
biography he apparently corrected himself 
to note that Dr. Adam Spence(r), a physi- 
cian from Edinburgh, who was supposed to 
have given some phenomenological lectures 
in Boston in 1743, and who actually gave 
them in Philadelphia in 1744, had sold him 
all the electric apparatus. The basic letter 
containing the essence of Franklin’s one- 
fluid theory was written to Collinson on 
July 11, 1747, a year after his retirement 
from printing. In it he described a funda- 
mental experiment, which has been called 
by Millikan ‘“‘the most wonderful thing ever 
done in the field of electricity.” Two men 
were placed on wax. The one man rubbed a 
glass tube and passed a spark to the other. 
Each one was then able to produce a spark 
to a third (neutral) man; but they became 
neutralized by contact with each other. Here 
for the first time we have exemplified the 
conservation of electric charge (cf. later 
work with Leyden jar), which became 
a foundation stone for the mathematical 
theory of electricity. Assuming the equality 
of the charges, Franklin then gave the fol- 
lowing explanation: The electric fluid, subtle 
and particulate, elastic and self-repellent, 
did not result from rubbing; rather it was 
the normal content of neutral matter, which 
attracted it and behaved like a saturated 
sponge. An excess or deficiency of the fluid 
would exhibit itself as positive or negative 
electricity, respectively. The excess would 
then produce an atmosphere on the surface, 
as the smoke from a body with dry resin 
about it. His single fluid eliminated the 
problem of annihilation of effects upon con- 
tact of the two kinds of electricity. The 
most significant aspect of this mechanical 
theory was the economic association of mat- 
ter and electricity (two fundamental], sub- 
stances rather than three). It must be ad- 
mitted that the nature of Franklin’s fluid: 
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was very nebulous—little understood even 
by himself. He was wont to compare it with 
fire. In his 1748 letter to Collinson he specu- 
lated: “Perhaps they may be different modi- 
fications of the same element; or they may 
be different elements. The latter is by some 
suspected.” In a letter of March 10, 1773, 
to Jacques Barbeu Dubourg (1709-1779) 
he discarded the notion of any relation be- 
tween electricity and magnetism on account 
of their difference with respect to heating 
and jarring. In a letter of June 25, 1784, he 
mused on the possibility of a universal fluid 
associated with fire, light, and electricity. 
On June 20, 1788, at the American Philo- 
sophical Society he even read a paper with 
similar ideas, viz., “Loose Thoughts on a 
Universal Fluid.” 

Why should the vitreous fluid be regarded 
as positive? Why not the resinous? Franklin 
had reasoned about this choice, too (ef. 
Mar. 16, 1752, letter to Kinnersley). The 
vitreous charge seemed to spread over an op- 
posite conductor. Moreover, a candle flame 
appeared to be blown away by a vitreous- 
charged body, but toward a_resinous- 
charged body. He admitted, however, some 
uncertainty in this conclusion. As today we 
evaluate the one-fluid theory, we note that 
Franklin could not resolve a major diffi- 
culty, namely, the repulsion of two fluid- 
less, i.e., negatively ¢harged, bodies. To an- 
swer this question,.franz Maria Ulrich 
Theodor Aepinus (1724-1802) insisted in 
1759 that one had to postulate additionally 
repulsion between particles of negative mat- 
ter, which effectively became a second elec- 
trical substance, but one that was not fluid. 
Thus the original simplicity was lost in an 
undefined haze. He eliminated effluvia, too, 
inasmuch as electric fluid did not seem car- 
ried off with air that was blown away. Con- 
sequently, without effluvia, action at a dis- 
tance became plausible and gave rise to the 
mathematical theory of electrostatics. In 
1759 Robert Symmer (d. 1763) suggested 
that electrification merely separated the 
neutral mixture of the two fluids. For ex- 
ample, glass, regarded as ordinarily con- 
taining both vitreous and resinous electric 
fluids, was supposed to lose some of the res- 
inous electricity and thus be left with a sur- 
plus of the vitreous. No reason, however, 
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was advanced as to what determined the 
fluid. Physical relations, including the na- 
ture of the forces exerted by these massless 
fluids, were disregarded, although the re- 
sultant neutralization of their effects upon 
mixing seemed reasonable. It is interesting 
that Antoine Laurent Lavoisier (1743-1794) 
included electricity as a chemical element 
along with heat and light in his 1789 La 
traité élémentaire de la chimie. The chief 
difference between the two-fluid theory and 
one-fluid theory was then virtually the flu- 
idity of the negative state. The theory itself, 
which seemed simple, became readily ac- 
cepted in France by prominent individuals: 
for instance, by Charles Augustin Coulomb 
(1736-1806), who was largely responsible 
for discovering the law of force between 
electrostatically charged bodies, and for 
defining electric charges quantitatively 
(1785); and by Siméon Denis Poisson 
(1781-1840), who established the mathe- 
matical theory of electrostatics (1812). It 
was opposed, however, in Holland by Mar- 
tin van Marum (1750—1837)—and in Italy 
by Alessandro Volta (1745-1827). The di- 
lemma persisted until the discovery of the 
electron.”® 

The law of force between electrified bod- 
ies became evident in another Franklin ex- 
periment (Mar. 18, 1755, letter to John 
Lining (1708-1760)). In this case a cork 
was placed inside a charged silver can and 
found to be unaffected (cf. Faraday’s 1843 
ice-pail experiment). In 1766, Priestley, who 
immigrated to the United States in 1794, 
repeated this experiment and inferred the 
inverse-square law of force in analogy with 
that of gravitation. It was he, indeed, who 
pointed out the need for instruments (no 
good measurements were possible up to 
1760). Gray had previously noted that hol- 
low and solid cak tubes would give the same 
effect which he therefore concluded in the 
case of repulsion, was more of a surface than 


* He_muHoitz, H. von, On the modern develop- 
ment of Faraday’s conception of electricity. Journ. 
Chem. Soc. 39: 277. 1881. 

Maxwe., J. C., A treatise on electricity and 
magnetism, ed. 3. Oxford, 1892. 

Mmu1xan, R. A., Electrons (+ and —), protons, 
photons, neutrons, mesotrons, and cosmic rays, 
rev. ed. Chicago, 1947. 

Brmxkuorr, G. D., Electricity as a fluid. Journ. 
Franklin Institute 226: 315. 1938. 


JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES 


vou. 49, No. § 


a height (or volume) effect. By no means 
could this surmise be considered an experi- 
mental confirmation of the inverse-square 
law, done first by John Robison (1739- 
1805) of Edinburgh, who obtained an actual 
value of 2.06 and guessed it to be theoreti- 
cally 2.0. Meanwhile, John Michell (1724- 
1793) had suggested a torsion balance for 
precise investigations. Coulomb used a tor- 
sion balance to establish the relation quan- 
titatively; in 1785 for like (positive) 
charges, and in 1787 for unlike charges; he 
thus eliminated all further vortex specula- 
tions. Henry Cavendish (1731-1810) also 
made such investigations in 1779, but he 
failed to publish them (done in 1879 by 
James Clerk Maxwell (1831-1879)). In 
conclusion, Franklin’s conservation of elec- 
tric charge, plus the establishment of the 
inverse-square law, made possible the for- 
mulation of an exact science of electricity— 
insofar as an “exact” science may be said 
to exist. 

In his September 1, 1747 and 1748, let- 
ters to Collinson he noted certain new facts 
which he himself had observed, namely, 
electrostatic induction, the significance of 
grounding which made it possible to obtain 
a permanent state of electrification, and the 
determination of the induced charge on a 
grounded body. Franklin applied his theory 
of induction to a dissectible condenser, spe- 
cifically, to a Leyden jar (cf. 1748 letter to 
Collinson). Incidentally, he sent Philadel- 
phia-made Leyden jars on various occasions 
to James Bowdoin in Boston. Kinnersley, a 
teacher of English in the Academy, had 
showed that a jar charged inside was 
charged also outside, with equal and oppo- 
site effects, but that the water itself was not 
electrified. Moreover, this phenomenon was 
reversible: Thus, if a cork were placed so 
that it could make contact alternately with 
the inside and with the outside, it would 
continue to oscillate until neither was 
charged. There appeared to be a balance of 
the two charges, not an accumulation of 
either one. On the other hand, small sparks 
were produced if the separating glass of a 
parallel-plate condenser was removed, but 
a very large spark occurred when the plate 
was replaced. This effect depended upon the 
thickness of the glass. Another interesting 
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fact was that the glass was impermeable to 
electric flow but not to electric influence; 
the electric fluid was able to pass through 
a dielectric like glass only if it were punc- 
tured or heated. He noted what we would 
now call the variation of capacitance as a 
chain was removed from a can (cf. Sept. 
1753 letter to Collinson). In a letter dated 
June 14, 1783, Franklin wrote, “I would 
recommend it to you to employ your time in 
making experiments, rather than in making 
hypotheses, and forming imaginary sys- 
tems.” 

In conclusion, Franklin did discover 
many new curious facts, but, more impor- 
tant, he showed a mastery of experimental 
techniques including the design of experi- 
ments and the testing of hypotheses. He did 
not merely collect random facts; he searched 
for significant scientific facts; experimenta- 
tion must be vectorial, not scalar. Above 
all, he formulated a simple conceptual 
scheme. As J. J. Thomson remarked, “A 
collection of electrons would resemble in 
many respects Franklin’s electric fluid.” It 
is still useful today for qualitative thinking. 
How many of us sophisticated moderns 
would immediately set down Poisson’s par- 
tial differential equation and attempt to 
solve it if asked what would happen if a 
piece of hard rubber rubbed with a cat’s 
fur would be brought near another piece 
of hard rubber rubbed with cat’s fur? 

Let us now consider what I would desig- 
nate as the Franklin experiment. Fothergill 
in his preface to Franklin’s book empha- 
sized the scientific discussion of lightning 
as contrasted with unbridled speculation. 
The so-called age of enlightenment had 
references only to a few leaders, not to most 
people. The majority of folks still had per- 
petual fear of the unleashing of natural 
forces, like lightning and earthquakes (cf. 
current ideas of atomic energy, rainmaking, 
etc.). In New England, for example, light- 
ning was regarded by some as a personal 
act of an angry god. In this connection we 
recall Titus Lucretius Carus’s (96-55 B.C.) 
astute remark?’ (book 6) dealing with “the 
very nature of fire-fraught thunderbolt’’: 


= 'T. Lucretius Carus, On the nature of things 
(translation by W. E. Leonard). New York, 1950. 
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If Jupiter 

And other gods shape those refulgent vaults 
With dread reverberations and hurl fire 
Whither it pleases each, why smite they not 
Mortals of reckless and revolting crimes— 


Nay, why, then aim they at eternal wastes, 
And spend themselves in vain? 


And, lastly, why with devasting bolt 
Shakes he asunder holy shrines of gods 
And his own thrones of splendor?” 


In a sermon on “Earthquakes, the Work 
of God,” the Reverend Thomas Prince con- 
sidered lightning as focusing in the ground 
and thus producing a series of violent earth- 
quakes**—a common notion in the spring 
of 1750. On November 26, 1755, Winthrop 
lectured in Harvard Chapel on earth- 
quakes*® being “neither objections against 
the order of Providence, nor tokens of God’s 
displeasure, but necessary consequences of 
natural laws.” In Europe bells were often 
inscribed with the words “Fulgura Frango” 
(I break the lightning). Abbé Nollet, for 
instance, advised people to ring bells during 
a storm. In 1784 Fisher of Munich com- 
pleted a 33-year study of lightning and 
found that 386 church towers had been 
struck and 103 bell ringers killed. In 1787 
the Parliament of Paris had to renew Char- 
lemagne’s edict against bell ringing in 
storms. Nevertheless, a hundred years ago 
bells were still being rung for this purpose. 

It was natural to compare lightning with 
electric sparks and to speculate about their 
possible relation. An electric spark had first 
been noticed by von Guericke. Its similarity 
to lightning had been noted individually by 
Hawksbee (1705), William Wall (1708), 
Newton (1716), Winkler (1746), John 
Freke (1746), and Nollet (1748). Gray, in- 
deed, stated in 1734, ‘Electric fire seems to 
be of the same nature with that of thunder 
and lightning.” Franklin himself wrote on 
July 11, 1747, “We represent lightning, by 
passing the wire in the dark over a china 
plate that has gilt flowers.” Later (1749- 
1752) he associated the aurora borealis, too, 


* Prince, T., Improvement of the Doctrine of 
Earthquakes. 

Winturop, J., Lectures on earthquakes. Bos- 
ton, 1755. 
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with electric discharge. The age of super- 
stition, however, has not been left wholly 
behind us. We moderns are still accustomed 
to believing that lightning never strikes 
twice in the same place, although the Em- 
pire State Building has been struck as often 
as 68 times in three years—not to mention 
the Washington Monument. 

What was needed in order to identify 
lightning unquestionably with an electric 
spark was a critical experiment—the design 
of such an experiment was one of Franklin’s 
most important contributions. He did not 
make the first analogy, nor even a correct 
interpretation. The basic facts were all 
known in 1747 (cf. July 11 letter to Collin- 
son). With Thomas Hopkinson (1703-1751) 
he had observed, by means of a similarly 
charged cork in the neighborhood, the loss 
of electric charge on a cannon ball due to a 
steel bobkin held 6 to 8 inches away. Dis- 
charge for a blunted needle, however, oc- 
curred only when it was brought much 
closer. In his July 27, 1750, letter to Collin- 
son, Franklin called attention to the St. 
Elmo fire associated with a pointed object. 
St. Elmo (Erasmus) may be recalled as be- 
ing the patron saint of the Mediterranean 
sailors. His fire was considered a good omen, 
inasmuch as a storm would end soon after 
its appearance (cf. Columbus’s encourage- 
ment of his shipmates). Franklin made a 
complete list of 12 apparent similarities be- 
tween lightning and electric sparks in his 
March 18, 1755, letter to Lining, which he 
had copied from his own November 7, 1749, 
notebook. The characteristics were light, 
color, crooked path, swift motion, metal 
conduction, explosion crack, passage through 
ice and water, bending of a body at the base, 
destruction of animals, melting of metals, 
fire in inflammable substances, and sulphu- 
rous smell. But what about the action with 
respect to a point? Said Franklin, ... “Let 
the experiment be made!” “It might have oc- 
curred to any electrician,” he remarked in 
the letter. It might have but it didn’t. 

In the July 29, 1750, letter to Coilinson, 
which contained 56 “Opinions and Conjec- 
tures” of 1749, Franklin first noted, “I 
would propose an experiment”—sometimes 
called the sentry-box experiment. In this 
case an insulated man was to be placed in a 
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sentry box having an upright, 20-30-foot, 
pointed, iron rod. Expressed interest by 
King Louis XV of France (1710-1774) in 
this suggestion led to three secret attempts 
to perform it. Jean Francois D’Alibard, a 
botanist (1703-1799) , was the first to do the 
experiment on May 10, 1752, at Marly-la- 
Ville, 18 miles from Paris; he used an iron 
rod 40 feet high, 1-inch thick, with a brass 
point, connected to a bottle. A soldier by 
the name of Coiffier first noted some action; 
he called a priest, Raulet, who observed the 
effect six times. On May 18, DeLor, a maker 
of physical instruments, made a rod 99 feet 
long with a resin base 2 feet square by 3 
inches thick, at the Chateau de St. Germain. 
Buffon repeated the experiment on May 19. 
Franklin himself might have received the 
news of these events in June. The King in- 
structed Abbé Guillaume Mazéas (1712- 
1776) to write a letter (May 20, 1752) to 
Benjamin Franklin via Stephen Hales 
(1677-1788). English experiments by John 
Canton (1718-1772) on July 20, by Benja- 
min Wilson on August 12, and by John 
Bevis (1693-1771), were announced by 
Watson to the Royal Society in December. 

The second type of lightning experiment 
involved the celebrated kite. Alexander Mc- 
Adie*® has raised some questions as to 
whether this experiment was ever actually 
performed. Franklin, however, did describe 
it in detail in his letter of October 19, 1752, 
to Collinson. Priestley, too, cited it in his 
book*® which had been read in manuscript 
by Franklin himself. This experiment was 
possibly done on June 6, 1752, near 18th 
and Spring Garden Street in Philadelphia 
between the Delaware and Schuylkill Riv- 
ers where Franklin was wont to walk. The 
choice of such a spot may have been owing 
in part to the delay in waiting for suitable 
conditions at the Christ Church spire—or 
possible fear of ridicule. Questions have 
been raised as to whether the rod was close 
enough to the cloud. The apparatus was 
certainly simple; a silk kite having a 
sharply pointed wire protruding one foot, 
was attached by twine to a key; a dry silk 
ribbon was tied to the end of the twine and 
held in the hand. The observer was to hold 


* McApir, A. G., The date of Franklin’s kite ez- 
periment. American Antiquarian Society, 1924. 
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the silk in a sheltered area and bring his 
knuckle toward the key to test for a spark. 
(The popular picture showing Franklin’s 
son as a boy assistant is, to say the least, 
exaggerated inasmuch as the latter was 21 
years of age at the time.) The Royal So- 
ciety, which was said to have previously 
(1750) laughed at the suggestion of such 
action by lightning on a point, and had re- 
fused its publication in the Transactions, 
was favorably impressed in December 1752 
by the announcement of the successful at- 
tempt. 

Newton H. Black*! cautions, “Perhaps 
the most wonderful part of it was that 
Franklin was not killed at once.” George 
Wilhelm Richmann (1711-1753), a Swedish 
physicist, was killed August 6 at the St. 
Petersburg Imperial Academy when he at- 
tempted to repeat the D’Alibard result. The 
kite experiment was done in 1754 by John 
Lining, in 1756 by Abbé Giacomo Battista 
Becearia (1716-1781), and by van Mus- 
schoenbroek. In May 1753 Jacques de Ro- 
mas used a kite which was supposed to have 
produced 10-foot sparks—due to interwoven 
wire and hemp. He also claimed priority. 

On June 15, 1954, Czechoslovakia cele- 
brated the 250th anniversity of the birth of 
Father Procopius Divi8, the so-called Euro- 
pean Franklin, the scientist who erected in 
his garden a multiple-pointed, grounded rod 
as a protective device. There seems to be no 
way now to determine whether Franklin or 
this European was the first®* to invent the 
lightning rod. Franklin’s own suggestion** 
occurred in his July 29, 1750, letter in which 
he described an experiment which would 
permit bells to be rung in his house when- 
ever lightning would be conducted via a 
lightning rod nine feet above the chimney 
to some Leyden jars. His own house, for 
which such a device was made in September 


™ Buack, N. H., An introductory course in col- 
lege physics. New York, 1941. 

@Conen, I. B., and Scuortetp, R., Did Divis 
erect the first European protective lightning rod, 
and was inventing independent? Isis 43: 358. 1952. 

Huser, K., Father Procopius Divis—the Euro- 
pean Franklin. Isis 43: 351. 1952. 

* Couen, I. B., The two hundredth anniversary 
of Benjamin Franklin’s two lightning experiments 
and the introduction of the lightning rod. Proc. 
Amer. Phil. Soc. 16: 331. 1952; Prejudice against 
the introduction of lightning rods. Journ. Franklin 
Inst. 253: 393. 1952. 
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1752, was actually struck in 1787. Two 
methods of performing a critical experiment 
were also outlined. In one case the rod was 
to be erected so as to reduce the effect 
through a continuous point discharge of the 
clouds. In the other instance the lightning 
rod was to be grounded so as to permit suc- 
cessful conduction to the earth. Franklin, 
of course, expected to draw a charge from 
the clouds; actually he only induced a 
charge and obtained virtually the same re- 
sult, both for the grounded and ungrounded 
experiments. All the 1752 experiments were 
with ungrounded test rods, but the records 
were not always clear on this matter. What 
we can definitely say is that lightning rods 
were early placed upon the Academy and 
the State House in Philadelphia. 

In 1762 there were comparatively few 
lightning rods in England. Watson’s house 
at Payne’s Hill had been the first one so 
protected. In 1761 and 1767 St. Paul’s Ca- 
thedral in London had been struck; in 1771 
it was protected with a conductor. St. 
Bride’s was hit in 1764. In 1769 lightning 
struck the magazine at Brescia and de- 
stroyed one-sixth of the people of the town. 
In 1772 the Powder Magazine at Purfleet 
was struck. The Royal Society appointed a 
committee consisting of B. Franklin, H. 
Cavendish, J. Robertson, W. Watson, and 
B. Wilson to look into the matter of protec- 
tion for Purfleet—pointed conductors with 
good metallic connections to the ground 
were recommended in the August 21, 1772, 
report (Wilson dissented). Keen partisian- 
ship developed with respect to the report. 
Wilson** was subsequently appointed by 
King George III (1738-1820), to succeed 
William Hogarth (1697-1764) as Sergeant 
Painter to the Board of Ordnance. Political 
pressure from the King was supposed to 
have forced the resignation of Sir John 
Pringle as President of the Royal Society. 
Pringle commented that the King “could 
not reverse the laws and operations of na- 
ture.” Pointed rods were soon replaced by 
round rods on Kew Palace and other Gov- 
ernment installations. Nevertheless, Purfleet 
itself was struck a few years later—even af- 
ter these rods had been erected. In France 
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Jean Paul Marat (1744-1793) and Max- 
milien Marie Isidore de Robespierre (1758- 
1794) approved the use of lightning rods; in 
Italy Pope Benedict XIV recommended 
them (they were used in some churches 
there). Abbé Nollet, however, contended 
that it was “as impious to ward off God’s 
lightning as for a child to resist the chasten- 
ing rod of the father.” Some people went 
about with unsheathed swords overhead to 
simulate lightning rods—the clerics were 
evidently at a disadvantage. As we look 
back at the situation, both groups were par- 
tially right. Nollet was correct in that a 
cloud did not produce an appreciable in- 
ductive effect on a point and Wilson was 
correct in that a point was probably no bet- 
ter for the same purpose than a blunted ob- 
ject owing to the scale of the objects in- 
volved. On the same basis, however, both 
were partially wrong; the rod itself was 
definitely not harmful. 

Considerable attention was soon given to 
the protection of public buildings. The 340- 
foot campanile at St. Mark’s in Venice was 
struck nine times (on three occasions com- 
pletely destroyed), but not after its protec- 
tion by proper lightning rods. Likewise, Si- 
ena Cathedral, struck in 1771, received no 
further lightning blows after rods were ap- 
propriately erected. The New York Dutch 
Church finally sought protection in 1765 af- 
ter damage had been done in 1750 and then 
again in 1763. St. Martin’s-in-the Fields in 
London was unprotected when it was struck 
in 1842. 

Even more significant are those buildings 
that were never struck.** First in impor- 
tance is Solomon’s Temple built in Jerusa- 
lem about 1000 years B. C. The roof of this 
building was covered with metal both inside 
and outside, and in addition it had iron 
spikes as a protection against birds and 
thieves; these were all connected by iron 
pipes to a cistern. The 202-foot-high monu- 
roaent in commemoration of the great London 
fire of 1677 was protected from lightning 
by virture of its pointed metal flame-figures 
fixed to an iron base used as steps. St. 
Peter’s Cathedral in Geneva, it is true, 
had a wooden tower, but it was shielded 


*® ScHONLAND, B. J. J., The flight of thunderbolts. 
Oxford, 1938. 
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owing to the covering of tinned iron plate 
connected to the ground by metal. The fa- 
mous Pantheon of Rome had a roof of 
bronze. Various roofs of churches and pal- 
aces were made of lead and copper sheets, 
The Eiffel Tower was found to be uniquely 
protected from lightning owing to its having 
virtually a Faraday cage. 

In the United States today 90 percent of 
the lightning flashes take place in the coun- 
try. Nevertheless, about 500 persons are 
killed and 1,300 injured annually. There is 
also considerable property loss each year. 
Yet, only one-fifth of the United States 
buildings that could profit from lightning 
protection are so protected. 

Of greater scientific significance, however, 
is the whole matter of atmospheric elec- 
tricity. In Franklin’s letter of April 29, 1749, 
to Mitchell on thundergusts, he discussed 
model experiments of clouds. In the 1949 
Opinions and Conjectures (#20) of the 
July 29, 1750, letter a cloud was simulated 
by a 10-foot by 1-inch pasteboard tube cov- 
ered with gilt; it was discharged silently by 
a needle one foot away, but it produced a 
crack with a blunt object only 3 inches 
away. Incidentally, this model was wanting 
in that it involved essentially a surface ef- 
fect, whereas the cloud represented a vol- 
ume distribution of charge. 

Franklin ingeniously employed his light- 
ning rod chimes to determine the kind of 
charge on a cloud by charging a Leyden jar 
(Oct. 19, 1752, and Apr. 18, 1754, letters to 
Collinson). In this way he found that a 
cloud was usually charged negatively on the 
bottom. Toward the end of a storm, how- 
ever, the upper positive charge would de- 
scend so that the bottom became positively 
charged. Such an experiment indicates that 
Franklin was “no vague amateur.” Schon- 
land observes that Franklin’s work was the 
only direct and reliable information on at- 
mospheric electricity for a period of one 
hundred and seventy years. Pierre Charles 
Lemonnier (1715-1799) had noted further 
in 1752 that atmospheric electricity may 
exist even without a cloud. 

Noteworthy among recent (1902) devel- 
opments has been the work of Sir Charles 
Vernon Boys (1855-1944), whereby he was 
able to use a camera in connection with 
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the activity of lightning rods. Furthermore, 
electric fields have been obtained as the 
result of having pointed rods attached to 
recording galvanometers. The quantity of 
electricity moving to and from the earth 
has been actually measured by means of 
a water voltameter. The sign and amount 
of charge in the very heart of the cloud 
has been determined by the use of points 
on balloons. Paradoxically enough, we are 
now studying lightning more as a means 
of determining the nature of electric charges 
than vice versa. An important by-product 
of this information is some help in our un- 
derstanding of cosmic rays, as well as the 
upper atmosphere. 

In conclusion, let us look once more at 
Franklin, the natural philosopher. The pur- 
suit of science was certainly very close to 
his heart; his scientific curiosity became 
manifest in many areas. In his March 28, 
1747, letter to Collinson he confessed his 
enthusiastic interest in electrical phenom- 
ena: “I never was before engaged in any 
study that so totally engrossed my atten- 
tion and my time as this has lately done... 
I have, during some months past, had little 
leisure for anything else.” He had under 
varying conditions investigated charged ob- 
jects. They became discharged by having 
sand sifted upon them, by being breathed 
upon, by being surrounded with smoke, by 
having a candle burnt near them; he noted 
a difference between candlelight and sun- 
light with respect to the loss of charge by 
iron shot (ef. July 11, 1747, letter). Later 
he expressed a hope to study the possible 
production of electrification by evapora- 
tion. 

His broad curiosity led him to investigate 
also thermal phenomena. In his April 14, 
1757, letter to Lining, he noted that a silver 
teapot should preferably have a wooden 
handle. He mentioned an experiment for de- 
termining relative thermal conductivity. He 
discussed also insulation properties of cloth- 
ing. On the 20th of September 1761, he wrote 
in a letter to Mary Stevenson about experi- 
ments** he had done about 1729 and which 
had been repeated about 1736 by Joseph 

*® Conen, I. B., Franklin, Boerhaave, Newton, 
Boyle and the absorption of heat. Isis 46: 99. 1955; 


Franklin’s experiments on heat as a function of 
color. Isis 34: 404. 1943. 
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Breitnal, a member of the original Junto. 
Broadcloth squares were placed on sunny 
snow in the morning. The various colors 
used were black, deep blue, light blue, green, 
purple, red, yellow, and white. The black 
cloth sunk the deepest, whereas the white 
one was still on the surface at the end of the 
experiment. He observed, too, that beer be- 
fore a fire was warmer in black mugs than in 
bright silver tankards. We are familiar with 
Franklin’s pulse glass (German origin), 
which contained water at a lower boiling 
point owing to air having been blown out. 
Boiling, therefore, could be made to occur 
from the heat of one’s palm in contact with 
the glass. ; 

In his April 23, 1752, letter to C. Colden 
he disagreed with Newton’s corpuscular the- 
ory of light and favored a wave theory; his 
opinion was refuted in 1780 by Governor 
James Bowdoin (1727-1790), first president 
of the American Academy of Arts and Sci- 
ences, in the inaugural address entitled “A 
Philosophical Discourse.” Incidentally, 
Franklin became a member of that organi- 
zation in 1781. 

Franklin found delight in investigating 
various meteorological phenomena. A north- 
east storm spoiled his view of a lunar eclipse 
expected in Philadelphia at 9 p.m. on Octo- 
ber 21, 1743. Nevertheless, the same eclipse 
was visible in Boston one hour later. He 
realized that such a storm must have begun 
in the southwest and been rotating about a 
moving center. In 1755 he followed a whirl- 
wind in Maryland, where he again noted 
that the circular motion was more impor- 
tant than the linear one. Franklin, to be 
sure, accepted the common notion that wa- 
ter spouts were composed of ocean water. In 
1783 he noted that the dust which resulted 
in a fog during summer had a cooling effect. 
Cleveland Abbe (1838-1916) remarked, “If 
he had done nothing else but his work on 
meteorology that would have entitled him 
to the highest rank.” 

Of particular significance was his obser- 
vation (May 10, 1768, letter to Pringle) of 
the change in barge speed with the depth of 
a canal. He discussed the courses of rivers 
in his September 20, 1761, letter. About 
1773-74 Franklin found interesting the use 
of oil to calm wave motion on Serpentine 
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Pond in Hyde Park (Nov. 7, 1773, letter to 
8. Brownrigg). In his August 1785 letter to 
Julien David LeRoy (1724-1803) of Paris 
he noted that the fogs off Newfoundland 
were probably produced by the Gulf Stream. 
He showed some interest also in ocean- 
ography. In 1726 on his first ocean voyage, 
or at least on the return, he had measured 
the ocean currents, including their tempera- 
ture, and observed various astronomical 
phenomena as well as meteorological con- 
ditions. On his last voyage in 1786 (at the 
age of 80) he compared the currents and 
the winds with observations of the Gulf 
Stream; he determined the temperature at 
different depths. He devised experiments to 
improve navigation. 

In his September 9, 1782, letter to Sir 
Joseph Banks (1743-1820), successor to 
Pringle, he said, “I long earnestly for a re- 
turn of those peaceful times, when I could 
sit down in sweet society with my English 
philosophic friends, communicating to each 
other new discoveries and proposing im- 
provements of old ones.” In his April 29, 
1785, letter to Jan Ingenhousz (1730-1799) 
with respect to his plans for a return to 
Paris, he remarked hopefully, “We'll make 
plenty of experiments together.” 

Not only was Franklin truly a philoso- 
pher of nature, but he was equally a popu- 
larizer of science in the best sense of that 
word. He was able to expound his ideas so 
they could be generally understood. To John 
Perkins he wrote in 1753, “If my hypothe- 
sis is not the truth, it is at least naked. For 
I have not with some of our learned moderns 
disguised my nonsense in Greek, clothed it 
in algebra, or adorned it in fluxions. You 
have it in puris naturalibus.” Moreover, he 
spread continually popular interest in sci- 
ence through the Chronicle, the Gazette, and 
the Journal, which he published. Van Doren 
said in 1930, “He was the best writer in 
America.” Franklin’s letters were not just 
personal letters, but more like Leonard Eu- 
ler’s “Letters to a German Princess,’’ i.e., 
publie letters to be read by all interested in 
the subject matter. He wrote to Collinson 
in September 1755, “You are at liberty to 
communicate this paper to whom you 
please; it being of more importance that 
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knowledge should increase then that your 
friend should be thought an accurate phi- 
losopher.” 

Franklin is responsible for the famous 
book on Experiments and observations on 
electricity made at Philadelphia by Mr. 
Benjamin Franklin (London, 1751). It be- 
gan with his first (July 11, 1747) letter to 
Collinson, read by a circle of friends includ- 
ing Watson, who discussed it on January 21, 
1748. On February 5, 1750, Collinson asked 
Franklin if he might send this letter and 
other material to a printer; he sent it all 
in April. The book was published in April 
1751 and announced in the magazines of 
that time. It received a generous reception 
in England. It is true that in January 1750 
the publisher Edward Cave already had one 
paper in The Gentleman’s Magazine, as well 
as one of the articles. Denis Diderot (1713- 
1784) remarked that this book taught man 
the nature of experimental art. It truly rep- 
resented the “vade mecum of electrical dis- 
course” by virtue of its logical presentation 
of experiments and ideas. Abbé Nollet, how- 
ever, regarded the book as an affront by his 
own Paris enemies. The book went through 
ten editions in four languages: five of them 
were in English (1st,1751; 24,1754; 3d,1760; 
4th,1769 with notes by Franklin himself; 
5th,1774) ; three in French (1st by D’Ali- 
lard,1752; 24,1756; 3d by Dubourg,1773) ; 
one in German (by Welcke, 1758), and one 
in Italian (1774). It is remarkable that 
there was no American edition until 194157 
—the sources then being the 5th English 
edition and the 1751 Bowdoin manuscript 
of a copy of the book, which had been made 
up by Franklin himself. The book could 
serve even now as an excellent illustration 
of scientific research and teaching for both 
students and teachers—particularly the ex- 
cellent edition by Cohen with its helpful 
“Critical and Historical Introduction.” 

What, however, is the use of this Ameri- 
can classic of science today? In introductory 
courses in physics there is a great careless- 
ness about persons, places, and times (his- 
torical clues) and hence, more significantly, 


* FRANKLIN, B., Benjamin Franklin’s ezxperi- 
ments, ed. by I. B. Cohen. Cambridge, 1941. 
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about the evolution of ideas—owing par- 
tially to our cultural neglect of the history 
of science. Of seven texts on electricity and 
magnetism, five make no mention of Frank- 
lin’s one-fluid theory or of his lightning ex- 
periment. Of 26 modern (after 1940) college 
physics textbooks, I happen to have at hand, 
14 do not even mention Franklin’s name; 5 
find noteworthy his naming the electric 
charges; 4 include the one-fluid theory; 2 
complain of his wrong choice of the movable 
fluid. The palm glass is noted by one, the 
bifocals by someone else, and electrotherapy 
by still another. Only two persons consider 
the important modern principle of conserva- 
tion of electric charge. Only three discuss 
lightning (two the kite, one the lightning 
rod). Nevertheless, many of Franklin’s 
ideas are unnamed commonplaces in physics 
today ; for example, the use of a semicircular 
wire with an insulated handle for discharg- 
ing—and much of our electrical terminol- 
ogy. 
We fail as teachers, I believe, in depriv- 
ing our students of their rightful and joyous 
heritage. They should know who did what 
and when in physics; they should learn to 
be proud of their American scientific tradi- 
tion in pure science—and thankful. Ameri- 
can culture, past and present, should be 
recognized for its scientific aspects. We 
should not permit narrow historians who 
may not appreciate science—much less un- 
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derstand it—to distort the conception of its 
role in our society. 

In evaluating a scientist we may ask per- 
sonally, “What did he himself do?” Or we 
may inquire socially, “What did he receive 
from previous ages? What did he contribute 
to his own age? What did he transmit to 
future ages?” In various ways*®® one can 
thus view Franklin. From all viewpoints, 
however, I always see Franklin as a physi- 
cist—not the triumphing Franklin of the 
1778 engraving by Jean Honoré Fragonard, 
painter to the King, but the thoughtful 
Franklin of the Mason Chamberlin portrait 
(1762), observing his bell-equipped light- 
ning detector. 


* Anse, C., Benjamin Franklin as a meteorolo- 
gist. Proc. Amer. Phil. Soc. 45. 1906. 

Bei, W. J., Early American science. Williams- 
burg, 1955. 

Couen, I. B., Benjamin Franklin as scientist and 
citizen. Amer. Scholar 474. 1943. 

Conen, I. B., The defense of Benjamin Frank- 
lin. Sci. Amer. 179. 1948. 

CrowrTHer, J. G., Famous American men of sci- 
ence. New York, 1937. 

Diuter, T., Franklin’s contribution to medicine. 
Brooklyn, 1912. 

Goopman, N. G., The ingenious Dr. Franklin. 
Oxford, 1931. 

Hovston, E. J., Franklin as a man of science and 
inventor. Journ. Franklin Inst. 159: 16. 1906. 

Jarre, B., Men of science in America, New York, 
1944 and 1958. 

_ Muiixan, R. A., Benjamin Franklin as a scien- 
tist. “Meet Dr. Franklin,” Franklin Institute, Phil- 
adelphia, 1943. 

Peprer, W., The medical side of Benjamin 
Franklin. Philadelphia, 1811. 
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ARCHEOLOGY .—Relationship between Plains Early Hunter and Eastern Archaic. 
J. Mayer-Oaxgs, University of Toronto. (Communicated by Waldo 


R. Wedel.) 


(Received March 9, 1959) 


This paper is a revised version of one pre- 
pared for the Archaic Conference held at 
Bloomington, Ind., in May 1955. It is es- 
sentially the original paper with several ad- 
ditions and corrections resulting from both 
the discussions held at this conference and 
the papers prepared by other participants. 
Some of the information presented in a 
later paper on the “Plains Archaic Concept” 
(Mayer-Oakes, n.p.b) has been included 
here, as well as certain additional data 
which have become available since Febru- 
ary 1957 when this paper was cast into its 
present form. 

From the experience of the conference 
and especially the evidence released since 
then, two major points of the paper have 
become more clearly the burden of my argu- 
ment. Support for both of these points came 
from several participants in the conference. 
Most simply stated, these two main conten- 
tions are as follows: 

(1) The cultures called “Archaic” in east- 
ern North America are considerably longer- 
lived than previously considered and are 
part of a widespread culture base which 
covered much of the New World at a very 
early time, considerably earlier than it was 
previously thought to be. 

(2) The cultures called “paleo-Indian,” 
while less varied in nature and content than 
“Archaic,” are nonetheless varied in typol- 
ogy and cover a considerable span of time in 
a rather restricted area of North America. 
They are at least partly contemporaneous 
with “Archaic.” 

I consider this paper an exploratory one 
to be followed by more detailed investiga- 
tion of some of the points examined. In this 
presentation we shall concern ourselves pri- 
marily with North American manifestations, 
especially those in the United States east of 
the Rockies, 


TERMINOLOGY 


In North America east of the Rocky 
Mountains, the term “Archaic” has fairly 


general usage in at least two main ways. In 
one sense, Archaic is considered to be a de- 
velopmental stage and generally connotes 
the presence of a diversified hunting-gather- 
ing-fishing type of economy accompanied 
by a social organization reflecting the earli- 
est stages of semisedentary life. The pres- 
ence of ceramics, agriculture, or a developed 
magico-religious structure is not expected in 
such a stage. 

The other main sense in which Archaic 
is used is as the name for a period of time, 
and as such it may crosscut the first usage. 
In the ideal case a developmental stage 
would correlate directly with a time period. 
Such a correlation is evidently often as- 
sumed in the unspecified usage of the term. 
Actually, complicating factors such as the 
presence of cultural centers and the his- 
torical facts of cultural isolation may oper- 
ate to make the stage and the time period 
disagree. An example of this kind of disa- 
greement is the interpretation originally 
given to the Eva focus of western Tennessee 
by Kneberg (1952). 

Likewise, the term “paleo-Indian” has 
been used in these two main ways. As a de- 
velopmental stage, the term paleo-Indian 
has been applied to small nomadic hunting 
groups many of which give some evidence 
for a specialization in the game killed. In 
the temporal sense, paleo-Indian has been 
reserved for units the extreme age of which 
could be fairly definitely established. The 
geological or paleontological dating factors 
for this period have been supplemented re- 
cently by radiocarbon dating. 

While there have been differences in the 
usage of the two terms, not all of the result- 
ing confusion can be ascribed to the de- 
velopmental and temporal aspects of these 
usages. There is still a third factor implicit 
in the current usage of the terms. This is the 
factor of a genetic cultural relationship or 
tradition and is most frequently expressed, 
for example, in terms of the exclusive as- 
sociation of fluted projectile points with the 
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paleo-Indian unit. For Archaic an associa- 
tion of ground and polished stone tools with 
a rather heterogeneous assemblage of pro- 
jectile points is most often posited. The 
terms have thus come to connote not only 
stages of culture and periods of time but 
actual cultural inventories. 

There are valid objections to the con- 
tinued use of each of the two terms. “Ar- 
chaic” is far from the oldest cultural mani- 
festation and is just as inappropriate as was 
the early denomination of Valley of Mexico 
Formative cultures as “Archaic.” With 
“paleo-Indian” we have a loaded word, “In- 
dian” as yet relatively unsubstantiated by 
physical evidence. I have no immediate sug- 
gestions for the former but would definitely 
prefer to use the term “Early Hunter” 
rather than “paleo-Indian.” 


ARCHAIC MANIFESTATIONS 


Let us turn now to a brief consideration 
of some of the units called Archaic. 

In the Northeast, Ritchie (1944 and paper 
presented at the 1955 Archaic Conference) 
has defined a series of apparently local de- 
velopments which are fairly well placed in 
time and cultural stage in both the local 
relative sequence and by radiocarbon dates. 
In the Southeast and in the lower Ohio 
Valley, Webb (1950a) and others have de- 
scribed what must have been not only a 
series of local developments, but also the 
most intensive early occupation of North 
America at the time period of 3000 B.C. 

There is little evidence for actual contact 
between these two groups although it is 
generally agreed that they were at the same 
developmental stage and equivalent abso- 
lute and relative time periods. 

Some evidence for connecting links be- 
tween these main Archaic areas has come 
to light in the upper Ohio Valley where we 
have found shellheap campsites (Mayer- 
Oakes, 1955a). The inventory of artifacts 
and the general characteristics of these sites 
indicate a relationship to the Southeastern 
materials. Within this “Panhandle Archaic” 
complex we are beginning to get evidence 
for sequent steps in both developmental and 
temporal terms. Major complexities begin- 
ning to appear in the Panhandle complex are 
the typological distinctiveness of the pro- 
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jectile points in an early unit and the factor 
of northern relationships in a later unit. 

In addition, in the upper Ohio Valley, 
there are other Archaic complexes within 
which developmental steps are beginning to 
be recognized. 

Several years ago I suggested a third 
major area of Archaic culture—the Plains— 
and have recently discussed this in detail. 
(Mayer-Oakes, n.p.b). A summary of per- 
tinent information from this area is pre- 
sented below. 

This picture of an increasingly complex 
internal structure recognized for various re- 
gional Archaic units will probably apply to 
most of the area under consideration. And 
here we can bog down in a welter of specific 
typological and other considerations of arti- 
facts or traits. But before that happens, let 
us push on back to the time of the Early 
Hunters. 


EARLY HUNTER MANIFESTATIONS 


Until fairly recent years there has been 
a tendency to equate fluted points with 
paleo-Indian and let it go at that. Now, 
however, there have been enough additional 
finds and enough evidence for develop- 
mental steps within paleo-Indian to war- 
rant a reexamination of the whole question. 

The old term “Yuma” has been fairly 
successfully supplanted by names for the 
more discrete projectile point types known 
as “Eden” and “Scottsbluff.” No new type 
name has been applied to the parallel-flaked 
lanceolate point unless we consider the “An- 
gostura” point or the “Plainview” in this 
category. Actually all four of these are dis- 
tinct types. 

Sellard’s (1952) study is an important 
and comprehensive recent work on the sub- 
ject of the paleo-Indian. (Wormington’s 
most recent edition, 1957, has been released 
since this paper was first prepared.) Per- 
haps the biggest contribution it makes is 
the suggestion of a specific sequence within 
the general Early Hunter category. At 
Blackwater Draw Locality Number 1 the 
sequence of Clovis to Folsom to Portales 
has been established by stratigraphy and 
typology. There is even the hint of speciali- 
zation in game animals; Clovis points are 
associated with elephant; Folsom with Bi- 
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In the southern High Plains, Clovis and 
Folsom type points are perhaps easily segre- 
gated. In other parts of North America very 
few fluted points qualify as classic Folsom 
type, so naturally most are called Clovis. 
Because the Clovis point is more variable in 
size, form and character of fluting, need 
for more precise typological work is indi- 
cated. 

The Portales complex is interesting since 
it apparently includes not only Eden and 
Scottsbluff types, but also Plainview and 
possibly Clovis types. Two radiocarbon 
dates that apply to Plainview have been re- 
leased—5150 B.C. +160 (0-171), and 7220 
B.C. +500 (Lamont, unpublished; Krieger, 
1957). Two samples (0-169 and 0-170) 
place the Portales complex at 4350 B.C. 
+150 and 4280 B.C. +150, respectively. 

With this rather solid stratigraphic foun- 
dation let us consider other situations indi- 
cating relative sequence within the Early 
Hunter unit. Forbis and Sperry (1952) re- 
port a stratigraphic sequence of points in 
Montana that runs from Folsom to Scotts- 
bluff to Signal Butte II. Davis (1953) has 
described materials from the Red Smoke 
and Lime Creek sites in Nebraska that con- 
stitute a sequence from Scottsbluff to Plain- 
view types. An average radiocarbon date of 
7574 B.C. +450 (C-471) for the Lime Creek 
site suggests contemporaneity with Folsom. 
Holder and Wike (1949) report the ma- 
terials for the Allen site on Medicine Creek 
in Nebraska to be similar to Signal Butte I. 
The radiocarbon date for the Allen site, 8543 
B.C. +1500 (C-470), is at considerable vari- 
ance with the date for Signal Butte I—1495 
B.C. +120. (L-104A, Kulp, Feely, and 
Tryon, 1951: 566.) 

Eden and Scottsbluff types were found at 
the Finley site (Moss, 1951) which has been 
dated geologically as between 5000 and 7000 
B.C. This dating agrees roughly with the 
culturally similar Sage Creek site for which 
the average of two radiocarbon dates is 
4926 B.C. +250 (C-302). 

Hughes (1949) has reported on South Da- 
kota materials characterized by a lanceolate 
point he designates as the “Long” type, but 
which is now known as the “Angostura” 
point. Radiocarbon dating places this com- 
plex at 5765 B.C. +740 (C-454). A more 
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recent test for this unit yielded the date of 
7430 B.C. +500 (M-370). 

The Signal Butte finds (Strong, 1935) 
have been somewhat controversial. Current 
interpretations are based on a reexamination 
by Bliss (1948) and a rather late radio- 
carbon date (L-104A, average of two, 1495 
B.C. +120, Kulp, Feely, and Tryon 1951: 
566) for the early stages of this unit. These 
facts indicate a late time position rather 
than the originally suggested Early Hunter 
time. 

A provocative unit recently mentioned in 
print is the Lucy site in central New Mexico 
(Roosa, 1956). Early Hunter in stage, the 
blowout context of the site has produced 
Clovis, Folsom and Sandia points as well 
as mammoth and bison bones. Aside from 
the presence of the rare Sandia type the site 
is unique in producing two fluted Sandia 
points. Significance of this combination of 
point styles is not clear but it may be evi- 
dence for cultural as well as temporal cor- 
relation of two otherwise distinct point 
styles. 

Without an attempt to examine in detail 
these few situations, two conclusions seem 
obvious. First, a real variety in forms of 
projectile point definitely represents the 
Early Hunter stage and period. Secondly, 
we appear to have evidence for a series of 
typologically developmental steps, in effect 
a dynamic projectile point style tradition: 
(1) fluted points of general or Clovis type; 
(2) fluted point of special or Folsom type; 
(3) lanceolate point; (4) stemmed point. 
This sequence of types, however, appears at 
variance with some of the chronologic data, 
for example, the early Nebraska materials; 
the Scottsbluff and Angostura points with 
mammoth remains in central Mexico and 
Clovis points with the Portales complex. 
The Sandia point, moreover, cannot easily 
be fitted into this sequence. 

A fact to remember here is that at this 
early period there are apparently complexes 
of artifacts and points, especially in the 
Southwest and Far West, which seem to be 
of totally unrelated types (Jennings, 1957; 
Haury, 1950). 

Perhaps a consideration of types of points 
of the Early Hunters in a fashion similar to 
that applied to pottery types, using popu- 
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larity history charts would help us to under- 
stand the meaning of current data. It cer- 
tainly seems reasonable to expect both 
geographic and temporal variations in the 
popularity of forms of points rather than 
rigid conformance to a simplistic typological 
formulation. Because of the extreme paucity 
of data the statistical significance of this 
approach may not be impressive but it 
seems worth a try. 

In addition to the variety of materials 
classified without much question as of Early 
Hunter origin, there are interesting units 
in the Prairies and eastern Plains which 
should be mentioned here. At Graham Cave 
in Missouri, Logan (1952) has reported a 
stratified sequence the lowest levels of 
which (because of the presence of fluted 
points) would in part unquestionably be 
classed as Early Hunter in stage or in type. 
Because, however, of a probable continuity 
with and development into the upper parts 


of the deposit (a generally eastern Archaic 
unit) the possible antiquity and significance 
of this site have not been stressed. 

The preceramic complex which I first re- 
ported in 1949, from Starved Rock, IIL., is 
typologically oriented to the Plains area at 
the level of the Early Hunter stage rather 
than at the eastern Archaic stage. As a con- 
servative pre-radiocarbon guess my range 
of 3000 B.C. to 500 B.C. was intended to 
convey a sense of time equality and slight 
priority to the eastern Archaic period. In 
the same mental operation, however, I have 
never been able to shake the impression 
that this Plains-oriented complex not only 
had roots back to earlier times but may it- 
self have existed at an earlier time. The 
presence of a copper point at Starved Rock 
has led some students to postulate connec- 
tions with the nearby Old Copper complex; 
some have seen this as a general indication 
of lateness within the Archaic stage. 
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ORIGIN AND DEVELOPMENT OF THE 
PLAINS ARCHAIC CONCEPT 


Perhaps the earliest publication pertinent 
to our discussion is the report of excava- 
tions at Signal Butte, Nebr., by Strong 
(1935). Temporal interpretation in this re- 
port is based on geological factors. The 
original conclusion that the earliest levels 
at the site were of great antiquity would 
place them in an Early Hunter time period. 
In 1950 Bliss criticized the interpretation of 
Signal Butte I as an early complex. On the 
basis of limited testing he split Signal Butte 
I into three sequent typological stages and 
suggested an alternative and much younger 
dating. His contention is now supported by 
a radiocarbon date of 1495 B.C. +120 
(L-104A, Kulp, Feely, and Tryon, 1951: 
566). 

Excavations conducted in Nebraska in 
1948 by Holder and Wike (1950) resulted 
in the definition of the Frontier complex, 
compared by the excavators to Signal Butte 
I and other early Plains units, some of 
which were just being discovered. Holder 
and Wike (1949) suggest that the Frontier 
complex is part of a larger Plains Archaic 
unit. I believe this is the first published use 
of the phrase to denote the present inter- 
pretive concept. A subsequent radiocarbon 
date on the Frontier complex of 8543 B.C. 
+1500 (C-470) aligns this unit with the 
earliest known on the Plains and is com- 
pletely at variance with the recent date as- 
signed to Signal Butte I. 

Initial studies of the prepottery unit 
found at Starved Rock in 1947 and 1948 
indicated the cohesiveness of the unit as 
well as the distinctiveness of the projectile 
point complex. Examination of projectile 
point specimens from the Plains area dis- 
played at the 1948 and 1949 Plains Archaeo- 
logical Conferences, and in museums at 
Lincoln impressed me with resemblances be- 
tween the Starved Rock Lanceolate type of 
projectile point and points from the Angos- 
tura reservoir in South Dakota, the Frontier 
and Lime Creek complexes, and the Nebo 
Hill complex. 

The final season of excavations at Starved 
Rock, in 1949, was carried out with a view 
to establishing the prepottery complex sug- 
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gested by the testing of the previous two 
years. Conclusions derived from it did sub- 
stantiate and expand our knowledge of the 
complex I called “Starved Rock Archaic” 
(Mayer-Oakes, 1951). In order to fit this 
unit into the general framework of known 
units I was compelled to make use of an 
idea latent in much archeological discussion 
of the time—the concept of a Plains culture 
area on an Archaic stage or time level. I 
did, as a matter of fact, draw specific com- 
parisons between Starved Rock and Fron- 
tier, Angostura, Nebo Hill, and Signal Butte 
I. None was blessed at that time with ab- 
solute dates, so comparisons of typology 
and stage were paramount within the gen- 
eral framework of prepottery times. 

The concept was invoked to explain an 
Illinois complex of material traits which had 
primary similarities to early stone industries 
in the Plains but contained, as well, traits 
also found in eastern Archaic or other units. 
The area was conceived of as a zone of inter- 
change between East and West during the 
relatively recent Archaic period. 

Subsequent to my specific suggestion of 
a Plains Archaic, several finds gave support 
to the concept. Rowe (1952) has reported 
Plains Archaic materials from southwestern 
Iowa. Graham Cave (Logan, 1952) docu- 
ments the progressive change from a Plains- 
oriented unit to an eastern Archaic unit. The 
lower levels of Graham Cave are definitely 
units to be understood as part of the Plains 
Archaic, both typologically (in the sense 
of combining Early Hunter and Archaic 
styles) and geographically. Dates range 
from 7750 B.C. +500 (M-130) and 6680 
B.C. +500 (M-131) both for Level 6, to 
5950 B.C. +500. (M-132) from Level 4, a 
recognizable Eastern Archaic assemblage. 

Baerreis has reported an Early Archaic 
site near Madison, known as the Airport 
Village. This site is considered to be tran- 
sitional, typologically, between paleo-Indian 
and Early Woodland. The “mixed” assem- 
blage is tentatively interpreted as a unit 
with closest affinities to Starved Rock Ar- 
chaic. Here again, is a unit ascribable both 
typologically and geographically to Plains 
Archaic. 

McGregor (1954) specifically aligns an 
Archaic complex at the Chrisman site in 
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southern Illinois with Starved Rock Ar- 
chaic, and further suggests that both are 
parts of an Illinois River aspect of a Plains 
phase within the broad Archaic pattern. 
This is one of the few published extensions 
of the concept. 

The type of point from the Angostura 
reservoir which Hughes (1949) called the 
“Long” point, and is now known as the 
Angostura point, has become a key type in 
the Plains. Because its form is identical 
with that of the Starved Rock Lanceolate 
type. I feel it is highly significant to a dis- 
cussion of the Plains Archaic concept. This 
type is widespread; it occurs in southern 
Texas (Orchard and Campbell 1954) and 
northwestern Canada (MacNeish, 1955). 
The Angostura type site is dated at 5765 
B.C. +740 (C-454) and 7430 B.C. +500 
(M-370). While the occurrence in Texas is 
not dated, the point occurs in an uncertain 
context which may be early Archaic, at 
about 4000 B.C. The point found by Mac- 
Neish in Pit 2, site N.W.T.53, and assigned 
to the Great Bear River complex is placed 
at 2650 B.C. +230 (MacNeish, 1955). 

Two points found with the second mam- 
moth at Iztapan (Aveleyra, 1956) are par- 
ticularly interesting because they are not 
fluted. Rather, they were lanceolate points, 
one a fair example of an Angostura, the 
other a “laurel leaf.” While this find ex- 
tends the geographic range of the Angostura 
type far to the south, the time factor here is 
unknown. The association with extinct 
fauna is important, however, since Angos- 
tura points are rarely in such a context. 

The most recent southward extension of 
North American Plains point styles is re- 
ported by Cruxent and Rouse (1956) from 
Venezuela. A lithic complex termed “El 
Jobo” contains a number of points of An- 
gostura and Plainview (or Nebo Hill and 
Lerma) style together with scrapers. The 
stylization is close enough to the North 
American types to suggest historical rela- 
tionships. This in turn lends support for ac- 
ceptance of the crude Folsom-like fluted 
point reported from Costa Rica (Swauger 
and Mayer-Oakes, 1952). 

A recently reported unit which fits our 
concept of Plains Archaic is the Havey site 
near Madison, Wisconsin. A surface collee- 


May 1959  MAYER-OAKES: PLAINS EARLY HUNTER AND EASTERN ARCHAIC 


151 


tion frora this site is interpreted by Nero 
(1955) as belonging to a complex transi- 
tional between paleo-Indian and Early Ar- 
chaic. Although not cited as such by the au- 
thor, the Havey site is a good candidate for 
Plains Archaic from the point of view of 
both typology and geographical location. 

The most recent field work relating to the 
Plains Archaic concept was carried out in 
southeastern Saskatchewan during 1957. 
Here, at a deep stratified site (BDR *6) on 
Long Creek, a tributary to the Souris River, 
several sequent units of an appropriate age 
have been excavated (Mayer-Oakes, N.D.c; 
Wettlaufer, n.p.). Three levels of occupation 
at depths of from 4 feet to 8 feet beneath the 
present surface provide evidence for a bison- 
hunting archeological complex characterized 
by Duncan and Hanna points plus some lan- 
ceolate forms in the lowest level. Radio- 
carbon dates for the lowest level give an 
antiquity of 5000 years. Here, then, is an as- 
semblage generally similar to the eastern 
Archaic, but existing in the mixed-grass 
northern plains at 3000 B.C. when the La- 
moka and Laurentian peoples were estab- 
lished in New York State. We have here end 
dates for the Plains lanceolate point tradi- 
tion in this area. 


RECENT DEVELOPMENTS 


In a broad developmental synthesis of 
New World archeology, Willey and Phillips 
(1957) have recently made use of the Plains 
Archaic Concept in an effort to interpret var- 
ious components known from the Plains and 
Prairics. They have recognized that several 
of these units give better evidence for a 
Lithie stage of development than an Archaic 
stage, but prefer to interpret all as basically 
on an Archaic level. In the light of several re- 
cent radiocarbon dates and information pre- 
sented at the recent Archaic Conference, I 
feel this position needs revision. 

For some time the well known Old Copper 
complex of Wisconsin has been considered a 
late Archaic unit and thus it was striking to 
note the early radiocarbon dates released in 
1954 (Ritzenthaler, 1954). Two samples 
gave dates of 3650 B.C. +600 (C-836) and 
5560 B.C. +600 (C-837, C-839) respectively. 

One of the sites early considered as an im- 
portant Plains Archaic unit is Graham Cave. 


ub- 
the 
ie” 
‘ic 
shis 
wn 
an 
jon 
ure 
LI 
ym - 
on- 
tte 
ab- 
iad 
ries 
rits a 
its. 
the 
of 
ort 
ted 
cu- 
ns- 
‘he 
nse 
aic 
ge 
380 
to i 
a 
e. 
alc 
ort 
ian 
m- 
nit 
ins 
an 
in : 


152 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES 


Radiocarbon dates indicate that Level 6 was 
occupied from 7750 B.C. +500 (M-130) to 
6880 B.C. +500 (M-131). The intermediate 
level 4 is dated at 5950 B.C. +500 (M-132). 
In view of the rather complete previous ac- 
ceptance of this material as “Plains Archaic” 
the dates seem surprisingly early. 

Radiocarbon dates on Tennessee Archaic 
units indicate that the early Eva complex 
goes back to 5200 B.C. +500 (M-357). This 
date is some 2000 years older than other 
eastern Archaic dates and apparently corre- 
lates with level 4 at Graham Cave wherein 
the Missouri complex has taken on a de- 
cidedly eastern flavor. 

Still a third series of important radiocar- 
bon dates was published by Fowler, Winters, 
and Parmalee (1956: 31) in their report on 
the Modoc Rock Shelter. This deep stratified 
site produced a range of eastern Archaic ma- 
terials throughout its 26 feet of deposit, with 
average dates ranging from 3657 B.C. to 
7922 B.C. An important correlate of these 
dates is the observation that polished stone 
is present at the earliest surely Archaic level 
and dates to 6210 B.C. Fowler concludes that 
the Modoc finds extend the period of eastern 
Archaic culture back to at least 6000 B.C.; 
he sees these dates as support for and in turn 
supported by the dates on Old Copper. There 
is, however, no suggestion of a Plains Ar- 
chaie connection with the Modoe materials. 

The most recently released early eastern 
Archaic date comes from Russell Cave in 
northeastern Alabama (Miller, 1956). From 
the 14-foot level in a deep stratified deposit 
not yet excavated to bottom has come a date 
of 6210 B.C. +300 (L-344; Miller, 1957). 
The associated cultural material is not fully 
reported but it appears to be early south- 
eastern Archaic with point styles very much 
like the “Steubenville Stemmed” and “Steu- 
benville Lanceolate” points of the Ohio 
Valley Panhandle complex. 

In a recent description of an Early Ar- 
chaie complex from the Upper Ohio Valley 
(Mayer-Oakes, 1955a) I have suggested 
that the typology of Panhandle Archaic pro- 
jectile points is derived from late paleo- 
Indian complexes. A subsequent site report 
and seriation study of these points (Mayer- 
Oakes, 1955b) indicates the western affinities 
of this Early Archaic shellmound complex. 
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Several geographers and ecologists (Borch- 
ert, 1950) have pointed out the existence of 
a “Prairie Peninsula” which extended east- 
ward into Ohio, Pennsylvania, and New 
York during the Post-Glacial Thermal Max- 
imum (or Altithermal) about 6000 to 3000 
B.C. This wedgeshaped corridor of grassland 
extending into the eastern Woodlands was a 
convenient ecological zone for exploitation 
by the western hunters when and if the High 
Plains became too arid for normal activities. 

Powell (1955) has recently suggested that 
we look for natural migration routes in at- 
tempting to explain movements of Early 
Man in North America. The Canadian gla- 
cial lakes and Great Lakes as well as the 
waterways of the northern Mississippi Val- 
ley form a logical route from northwest to 
southeast which, at the time of the eastern 
grassland extension, would have increased 
the likelihood of general movement from 
west to east. 

This idea of a prairie peninsula is impor- 
tant in understanding the nature of the ear- 
liest Archaic unit in the Upper Ohio Valley. 
It consists of a complex of subsistence traits 
with emphasis on hunting, and of tools, ex- 
pressed in styles of projectile points, which 
was brought in from the west via the Prairie 
Peninsula by units of the Plains Archaic. 
Contact with neighboring resident early Ar- 
chaie units and adaptation to riverine life 
resulted in local development of a distinctive 
Archaic culture. This Panhandle Archaic 
continued to be influenced by northern Ar- 
chaic units and gradually lost its western 
orientation. It changed, thus, from the most 
eastern component of the Plains Archaic to 
a unique local Archaic. 

In addition to the various lines of recent 
evidence cited above which suggest that Ar- 
chaic cultures are longer-lived than previ- 
ously considered, there have also been signs 
in recent years that the Early Hunter cul- 
tures are quite varied in typology. Whereas 
the term has often been restricted to units 
characterized by use of fluted points, radio- 
carbon dates and geological dating factors 
indicate that various nonfluted point sites 
are equivalent in age to Folsom and that the 
general lanceolate point horizon covers a 
large area of North America for a span of 
several thousand years, I refer here to the 
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following expressions: the Scottsbluff and 
Angostura points found associated with 
mammoth remains in the Valley of Mexico; 
the Early Hunter sequence at Blackwater 
Draw showing Clovis, Folsom, and Portales 
units in stratigraphic succession; the Mon- 
tana stratigraphic sequence of points run- 
ning from Folsom to Scottsbluff to Signal 
Butte IT; the Lime Creek sequence of Scotts- 
bluff to Plainview and the Red Smoke se- 
quence of Frontier to Plainview; the early 
radiocarbon date on the Frontier complex; 
the radiocarbon dates for Eden and Scotts- 
bluff points at Sage Creek; and the radio- 
carbon date on the Angostura type site. 

The age of more than 37,000 years (0-235, 
0-248) for hearths near Lewisville, Tex., 
with an associated Clovis fluted point has 
caused understandable consternation. Krie- 
ger (1957) discusses this find in detail. Sig- 
nificant to our problem in this paper is the 
stretching back in time of the Early Hunter 
stage far beyond our expectations of 1955. 
It is hard to believe that one point style ex- 
isted for a period of at least 28,000 years. If 
accepted, this date certainly points up the 
need for defining types within the broad 
Clovis fluted category. 


DISCUSSION 


The question of Archaic origins has not 
yet been satisfactorily answered. In many 
areas of the New World, Archaic cultures 
appear as the first occupation for which 
there is much detailed evidence. Although 
Griffin (1946) suggested lumping Archaic 
and paleo-Indian together under the latter 
term, there do seem to be good reasons for 
retaining at least these two categories. Cer- 
tainly the amount of time involved would 
indicate this; the development from a simple 
hunting to a diversified hunting-gathering- 
fishing, semisedentary pattern would also in- 
dicate such a dichotomy. 

While, as Griffin suggests, there no doubt 
are strands of cultural continuity from the 
earlier to the later units, these have not yet 
been recorded in any detail. 

Perhaps the most convincing explanation 
for an Archaic source is Spaulding’s (1946) 
suggestion of an Old World impetus for the 
Northeastern Laurentian. While there are 
many aspects of the Archaic for which Old 


World parallels and sources have not yet 
been suggested, it seems reasonable to as- 
sume that strong Eurasiatic influences 
helped formulate the distinctive eastern Ar- 
chaic as well as subsequent Woodland com- 
plexes. 

What can we say about local sources for 
the Archaic? One line of thought has us 
looking to the preceding Early Hunter stage. 
The area east of the Mississippi has so far 
not been productive of evidence for this. 
Most of the definite Early Hunter complexes 
here are not tied into any local sequence and 
most of them show no signs of continuity 
with or influence on later Archaic complexes. 
There are three main exceptions to this: (1) 
Coe (communication from Witthoft) has 
found a stratified sequence of points in North 
Carolina which apparently stretches far 
back into the Early Hunter time period, yet 
bears no obvious relationship to the Plains 
“sequence” or the fluted point complexes of 
the east. (At this site we apparently get into 
problems of Early Hunter period complexes 
that are in the tradition of the Southwest 
and Far West rather than the fluted and 
lanceolate point.) (2) Ritchie (1953) has re- 
ported a paleo-Indian site in Vermont with 
a point inventory that includes both fluted 
and unfluted forms, some quite similar to 
the Starved Rock Lanceolate type, and thus 
suggestive of Plains Archaic contacts. (3) 
The Panhandle complex in its earliest stages. 

There is one site in the east which gives 
fairly good evidence for the priority of fluted 
points to Archaic points. Aside from this 
unit—the Parrish site (Webb, 1951)—there 
is only typological evidence for the place- 
ment in time of the eastern fluted points. 

The apparent gap in occupation of the 
Plains from about 5000 B.C. to 2000 B.C. 
has prompted Krieger (1950, 1953) to evoke 
climatic factors as explanation. This is an 
attractive theory and seems not only to fit 
the data but also to have some bearing on 
the problem of Archaic origins. 


INTERPRETATIONS 


On the basis of the recent developments 
sketched above, we are beginning to see the 
eastern Archaic as a longer-lived and more 
broadly conceived stage of cultural develop- 
ment, having continent-wide relationships. 
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‘The Early Hunter cultures are seen as a spe- 
cialized development partly preceding and 
partly contemporaneous with the earliest 
part of the Archaic period and related to Ar- 
chaic units in at least one well established 
way, as expressed in the concept of a Plains 
Archaic. 

Taking a broad view of the cultural va- 
riety present in North America at the time 
period of 10,000-12,000 years ago, Sauer 
(1957) proposes three basic patterns of en- 
vironmental adjustment. These he calls: 
“Old Bison Hunters” (Folsom-Yuma 
units); “Old Basketmakers” (Great Basin 
units); “Ancient Millers” (California Oak 
Grove and Cochise units). 

While I feel that the third pattern is the 
least acceptable and most controversial one, 
it is equally possible to consider the eastern 
Archaic as a fourth major pattern of hunt- 
ing and gathering—foraging—related by 
subsistence and traditions of technology to 
both the “Old Bison Hunters” and “Old 
Basketmakers,” but existing as a distinctive 
combination of the two. 

So far I have avoided qualifying the 
phrase “Plains Archaic.” I have used it to 
imply both time period and stage as well as 
tradition. Originating as a simple space- 
time concept, it has developed both his- 
torical and developmental significance. At 
the present time the most reasonable use 
for the concept is as an historical con- 
tinuum, comprising a tradition (in the sense 
of the term as defined in Willey and Phillips) 
of basic hunting-gathering economy ex- 
pressed materially in a restricted range of 
projectile point styles and associated, al- 
though poorly known, tools. Out of the vari- 
ous styles of lanceolate points present at the 
earliest part of the Early Hunter period, a 
small number were continued for lengths of 
time varying with the specific area. In gen- 
eral, the “unfluted Folsom” style and the 
broad-stemmed Scottsbluff style were car- 
ried from the central Plains to the north, 
east, and south as Postglacial time and 
ecological changes went on. Contacts with 
resident local Archaic units resulted in com- 
plexes which can be explained and under- 
stood on the basis of this Plains Archaic 
lithic tradition. 
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The Plains Archaic concept is thus seen 
to comprise a cultural unit of historical con- 
tinuity over a period of perhaps 7000-8000 
years within the Plains and Prairies geo- 
graphic areas. Roots of the tradition are in 
the earliest Plains lithic complexes. There 
is apparently no fundamental change in 
basic hunting-gathering economy although 
there is probably a change in degree to 
which big game herds were utilized as a 
major means of subsistence. 

In trying to apply their “Lithic” and “Ar- 
chaic” developmental stages to the Plains 
area, Willey and Phillips recognized the di- 
lemma posed by the available evidence. On 
the basis of this evidence, I think it is prac- 
tically impossible to define or segregate, 
meaningfully, these two stages. The rela- 
tionship among all Plains preceramic units 
are too strong. However, by assuming that 
there was a development towards an Ar- 
chaic stage, we can align some of the other- 
wise floating units into a schematic order 
based on this concept of the Plains Archaic, 
or more simply, a Plains tradition. 

Perhaps the earliest well-established units 
of the Plains tradition series would be the 
Frontier complex followed by Scottsbluff 
and Plainview units. All these could be 
classed as Early Hunter in period, but since 
they are more generalized in typology than 
the fluted point units they are the best basis 
for the general tradition. With the increas- 
ing popularity of a complex distinguished 
by Angostura points we are fully into the 
time period characterized by units of Plains 
tradition, which continues on as at Graham 
Cave, Starved Rock, Nebo Hill, Airport 
Village, Havey site, and Signal Butte I. 

The most eastward thrust of this tradi- 
tion is expressed in the Panhandle Archaic 
of the Upper Ohio Valley, in which there 
is a unique combination of Plains projectile 
point traditions and local seasonal adapta- 
tions to a riverine ecology. Interestingly 
enough, the crude Plainview-like lanceolate 
points seem to drop out of style by late Ar- 
chaic times in the east, but the Scottsbluff- 
like Steubenville Stemmed points continued 
to be a favorite style, moving eastward to 
the Atlantic coast (Ritchie, 1958) and form- 
ing in the Ohio Valley the basic Early Wood- 
land style. 
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SUMMARY 


In this paper we have briefly discussed 
some features of Early Hunter and Archaic 
relationships, restricting our geographic 
area of interest to the region east of the 
Rockies and considering only a selection of 
the possibilities. We have indicated how the 
subject terms can be used in the temporal, 
developmental and typological or tradi- 
tional sense and have attempted to distin- 
guish these in our discussion. 

Major points proposed are: 

1. Eastern Archaic is seen as part of a 
fairly homogeneous cultural stage—Early 
Foragers—incorporating both temporal and 
typological variety on a broadening geo- 
graphic basis, but with a longer time span 
than was hitherto believed possible. It over- 
laps, in part, the time period characterized 
by Early Hunter remains. 

2. Plains Early Hunter is seen as part of 
a cultural stage—Early Big Game Hunters 
—incorporating significant temporal and 
typological varieties, the latest and eastern- 
most of which reflect some contact with the 
eastern Archaic. 

3. The concept of Plains Archaic has been 
suggested as the concrete expression of the 
contact between the Plains tradition and 
the eastern Archaic. Plains Archaic may be 
considered as the pattern characteristic of 
the late period of Early Hunter culture, ex- 
pressed materially as an acculturation proc- 
ess between two coexisting great cultural 
groups, the Early Foragers and Early Big 
Game Hunters. 

An alternative approach at a more general 
level, making use of continent-wide data is 
graphically presented in Fig. 1. Here, four 
basic early subsistence patterns are repre- 
sented as traditions rather than as stages. 
All but “Early Foragers” may in fact 
qualify as “Lithic” in the sense of Willey 
and Phillips’s stages. There is difficulty in 
consistently distinguishing “Early Millers” 
from some of the “Early Collectors”; there 
may be basic direct relationships among 
all of these units. I feel, however, that the 
simple dichotomy proposed by Jennings and 
others (1956) is inadequate. A “Desert” cul- 
ture and a “Plains paleo-Indian” as the 
basic early units need to be supplemented 


by the units proposed here in our chart. In 
doing this I admit to being strongly in- 
fluenced by the early dates on eastern Ar- 
chaic and Sauer’s suggestion of an “Ancient 
Miller” pattern. 
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ZOOLOGY—Millipeds collected enroute from Florida to San Antonio, Texas, 
and vicinity. H. F. Loomis, Miami, Fla. 


(Received March 26, 1959) 


In the latter half of December 1958, the 
writer and his wife visited San Antonio, 
Tex., spending some time collecting milli- 
peds on the way and in the region about San 
Antonio. One day was devoted to searching 
the Kerrville area in the hope of rediscover- 
ing several of the more unusual species de- 
scribed from there by Prof. R. V. Chamber- 
lin alone or in conjunction with Stanley 
Mulaik, and some success was had. The col- 
lection as a whole resulted in the finding of 
five new species, one of which represents a 
new genus, and in establishing further lo- 
calities for several known species. Descrip- 
tions and data on these are here presented 
as well as descriptions of three other new 
species received following our return to 
Florida. Unless otherwise stated all collec- 
tions reported were made by E. M. and H. 
F. Loomis. 

Type specimens of all species described 
are deposited in the U. 8. National Museum. 


Family DesMONIDAE 


Genus Desmonus Cook 


Desmonus Cook, Proc. U. 8. Nat. Mus. 21: 463. 

1898. 

Ethocyclus Chamberlin and Mulaik, Journ. New 

York Ent. Soc. 49: 58. 1941. 

Specimens of this genus from five localities 
within a radius of approximately 100 miles of 
San Antonio present several interesting features. 
None of these millipeds appear to have been de- 
seribed as belonging to this genus, and all have 
certain characters in common that probably are 
generic but may be only specific; a question that 
can not be determined with any degree of satis- 
faction without additional and more widely col- 
lected material. From experience in making the 
present collection this should become available 
upon proper search. 

The discovery of Desmonus between Bandera 
and Helotes came during the return from Kerr 
County to find additional specimens of species 
collected there by Mr. and Mrs. Stanley Mulaik 
and described in the paper by him and Professor 
Chamberlin (loc. cit.). It had been hoped to ob- 
tain svecimens of Ethocyclus atophus, but no 


cyclodesmids were found. However, with the 
finding of the Desmonus and subsequent speci- 
mens in the region a careful reexamination of 
the description of Ethocyclus forced the con- 
clusion that it is a desmonid rather than a cyclo- 
desmid. 

While the first three segments are of quite 
similar shape in the Cyclodesmidae and Des- 
monidae, the fourth segment in Ethocyclus is 
described as laterally broader and less acute than 
the fifth segment, a normal condition for the 
latter family but applying in only the smaller of 
the two genera of the former. The first segment 
of Ethocyclus is said to bear two transverse rows 
of setae and “on typical segments the posterior 
portion of tergite elevated above level of anterior 
portion and divided into low tubercular swellings 
which appear to have born(e) setae forming a 
transverse series.” These are characters of Des- 
monus attributed to no other cyclodesmid than 
Ethocyclus, and hence the latter genus is placed 
as a synonym of the former. 

The Texas specimens, representing three spe- 
cies, are in the group having 20 segments; all 
are essentially white in color but have a coating 
of organic matter; pits are at the anterior junc- 
tion of carinae and dorsum of segments 3 through 
20; head with a definite low ridge beginning 
between the antennae and extending upward 
halfway to segment 1, where it terminates and is 
succeeded by an impressed sulcus across the ver- 
tex; segments 1 to 4 with two transverse series 
of short, well-separated setae which are reduced 
to a single series on ensuing segments; segment 
4 with outer margin of lateral keels elongate, 
sometimes slightly rounded, in shape intermedi- 
ate between the keels of segments 8 and 9; dor- 
sal tubercles usually beginning on segment 5 
and continuous through segment 19 but lacking 
or very indefinite on segment 20; males with 
lateral keels of segments 5 to 15 at least, more 
oblique than those of female, the dorsal tubercles 
also more prominent. 

In the accompanying descriptions and illus- 
trations it will be seen that the three species are 
very closely related and a wider range of speci- 
mens may show that one or two of them will 
have to be reduced in rank. The dorsal tubercu- 
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lation varies greatly in amount in specimens 
within the species but seems to be typical for 
each of them. None of the specimens of dis- 
tinctus has the tubercles of segment 19 coalesced 
to form two enlarged swellings as occur in the 
other two species, and conjunctus does not have 
the tubercles of the midbody segments as high 
or inclined as in crassus but does have those of 
segment 19 larger than on preceding segments. 
Differences of the gonopods are slight between 
the species, as Dr. Causey has observed’ for the 
other species in a recent paper on the family, 
while within the present species considerable 
variation has been noted. For none of the previ- 
ously described species has mention been made 
of the distinct cephalic ridge, which may be a 
feature limited to the new forms. 


Desmonus conjunctus, n. sp. 


Male type and female from between Bandera 
and Helotes, Tex., December 26, 1958, co-collec- 
tor J. C. Loomis; a male and 3 females from 
Landa Park, New Braunfels, and 2 males from 
Lake Placid, between New Braunfels and Seguin, 
Tex., December 29, 1958. 

Description—Largest specimen, a female, 9 
mm long and 1.7 mm wide. Dorsal swellings or 
tubercles usually first evident on segment 6, 
rarely on segment 5, and increasing slightly in 
prominence thereafter, becoming strongest on 
segments 17, 18, and 19, on the latter of which 
the three innermost tubercles on each side are 
united into a single large rounded boss sur- 
mounted by the three setae of the individual 
tubercles (Fig. 1). In an extreme variant in 
sculpturing the male from New Braunfels shows 
much more prominent tubercles than any other 
specimen, and on segments 17 and 18 the three 
innermost ones on each side are united as on 
segment 19. In-none of the specimens are any 
lateral tubercles evident below the compound 


* Proc. Biol. Soc. Washington 71: 173-78. 1958. 
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ones on segment 19. Last segment without tu- 
bercles. Gonopods as shown in Figs. 2 and 3. 


Desmonus crassus, Sp. 


Five males (1 the type) and 8 females from 
Victoria County, Tex., labeled “8-06 J. D. Mitch- 
ell” sent me for examination by Richard L. Hoff- 
man from the National Museum collection. 

Description—This is a stouter species than 
either of the other two described here, attaining 
a length of 8 mm and a diameter of 1.9 to 2 mm. 
Tubercles generally more prominent than in the 
other two species, beginning on segment 5, where 
frequently they are quite distinct, and increasing 
in size thereafter and on the most strongly sculp- 
tured specimens they are considerably raised, in- 
clined caudad, with setiferous apex devoid of 
coating and shining; segments 18, 19, and some- 
times 17 with the three inner tubercles on each 
side united into a single large inclined tubercle 
with that on segment 19 smaller than that on 
18; segments 18 and 19 without other lateral 
tubercles. 

Gonopods with anterior arm showing two or 
three teeth, the posterior arm more slender at 
apex than in the other species (Fig. 4). 


Desmonus distinctus, n. sp. 


Five males (1 the type) and 5 females “col- 
lected under rocks and logs in closely grazed pas- 
ture land with a few oaks and cedars on the 
Beauregard Road about 5 miles SSW. of Boerne, 
Tex., January 31, 1959,” by J. C. Loomis. 

Description —Largest specimen, a female, 8.5 
mm long and 1.5 mm in diameter. In general the 
tubercles are more prominent than those of 
conjunctus but less so than in crassus, although 
in one or two females the tubercles are not in- 
dividually indicated except by the location of 
the setae; the males, however, have tubercles 
beginning on segment 5, becoming stronger 
thereafter and quite uniform in size from seg- 


Figs. 1-23.—1-3, Desmonus conjunctus, n. sp.: 1, segments 19 and 20 of male, posterior view; 2, right 
gonopod, lateral view; 3, apex of left gonopod of Landa Park male, lateral view. 4, Desmonus crassus, 
n. sp., left gonopod, lateral view. 5, Desmonus distinctus, n. sp., apex of right gonopod, lateral view. 
6, 7, Ilyma digitata, n. sp.: 6, right gonopod, lateral view; 7, apex of right gonopod, lateral view. 8, 
Pseudopolydesmus bidens, n. sp.: left gonopod, mesal view. 9, Pseudopolydesmus minor (Bollman): 
right gonopod, mesal view. 10-14, Mecistopus varicornis, n. sp.: 10, joints 6 and 7 of female antenna; 
11, joints 6 and 7 of male antenna; 12, right anterior gonopod, lateral view; 13, ninth male legs, posterior 
view; 14, basal joints of tenth male legs, anterior view. 5-18, Aniulus vestigialis, n. sp.: 15, left 
mandibulary stipe of male; 16, left anterior gonopod, lateral view; 17, left posterior gonopod, mesal 
view; 18, left posterior mnopod, caudolateral view. 19-23, Ziniulus ambiguus, n. sp.: 19, stipe and 
first two segments of male, lateral view; 20, right anterior gonopod, lateral view; 21, right posterior 
gonopod, lateral view; 22, apex of right posterior gonopod, caudal view; 23, apex of uncate blade of same 
gonopod, mesal view. 
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Fias. 1-23.—(See opposite page for legend). 
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ment 7 to 17, although not so high or sharply 
marked as in crassus, those on segment 18 
slightly larger, but only the second from within 
larger on segment 19, which has 2 to 5 distinct 
tubercles on each side with none coalesced as in 
the other species. Last segment with two very 
low, indefinite tubercles sometimes present. 
Gonopods as shown in Fig. 5. 


Desmonus atophus (Chainberlin and Mulaik) 


In order to allow absolute verification of its 
family and generic position and its relationship 
to the species here described, a specimen of 
atophus was requested of Professor Chamberlin, 
but word has been received that he was unable 
to find the original material; hence, these mat- 
ters await finding of the lost specimens or col- 
lections from the type locality, presumably 
Raven Ranch, although only Kerr County was 
so designated. 


A NEW NAME IN CYCLODESMIDAE 


In studying the original description of Des- 
monus (Cyclodesmus) atophus (Chamberlin and 
Mulaik), Dr. Carl’s notes and illustration of 
Cyclodesmus aztecus Humbert and Saussure, the 
genotype, were reviewed in Rev. Suisse Zool. 10: 
678-9, pl. 12, fig. 109, 1902. The conclusion was 
reached that the West Indian species heretofore 
included under Cyclodesmus belong in a differ- 
ent genus for which the name Caribocyclus is 
proposed, with the Haitian Cyclodesmus angusti- 
pes Loomis as the genotype. This genus is dif- 
ferentiated from the Mexican Cyclodesmus by 
having each gonopod composed of one or two 
more or less slender branches rising above the 
basal joint. In the species having 2 branches 
these may be separated, partially fused, or com- 
pletely united. The illustration of C. aztecus 
shows the gonopod with an expanded and curved 
outer joint sheathing the simple and evenly 
curved seminal one. 


Family SryLopEsMIDAE 


Genus Ilyma Chamberlin 


Tlyma Chamberlin, Bull. Univ. Utah 31(11): 24. 
1941. 


KEY TO THE SPECIES ILYMA 


1. Segment 1 with 12 primary tubercles in two 
transverse series of 6 each 
colotlipa Chamberlin 
Segment 1 with 10 primary tubercles ones 
eusemtially im 2 
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2. Segment 1 with outermost primary tubercle on 
each side larger than any of the others 
orizaba Chamberlin 
Segment 1 with outermost primary tubercle on 
each side not so large as or no larger than the 
others . . 
3. Segment 19 with posterior processes greatly ex- 
ceeding the tip of segment 20...cayuni Loomis 
Segment 19 with processes shorter, only equal- 
ing the tip of segment 20.................. 4 
4. Provesses of segment 19 broad, the sinus between 
them rather shallow and U-shaped 
morela Chamberlin 
Processes of segment 19 narrow, the sinus be- 
tween them deep and V-shaped. 
digitata n. sp. 


A mexican species, potosina Chamberlin, was 
established on a single fragmentary female, lack- 
ing two molts of maturity! Its juvenile charac- 
ters are not comparable with the mature ones 
of the other species, and its true identity will be 
difficult to determine. 


Ilyma cajuni Loomis 


Three males and 5 females collected by Leslie 
Hubricht, December 12, 1954, in Cameron 
County, Tex., at “Rabb Ranch, near southmost 
(?), under palm logs,” and sent me by Richard 
L. Hoffman. 

These specimens were compared with para- 
types of cajuni without finding specific differ- 
ences. The species has the primary tubercles of 
segment 1 arranged as in the following species 
except that the space between the two median 
tubercles of both rows is much wider than that 
between any of the other tubercles. 


Ilyma digitata, n. sp. 

A male (type) and 4 females, one immature, 
found beneath logs beside U.S. Highway 190 
between Kinder and LeBlanc, La., December 20, 
1958. 

Diagnosis —Relationship with morela is indi- 
cated by the size of the body, the short processes 
of segment 19, and certain characters of the 
gonopods, although these differ materially in the 
two species. 

Description—Length of male and largest fe- 
male 6 mm, width 0.9 mm. Vertex, first segment, 
and posterior divisions of other segments black ; 
front of head, antennae, anterior subsegments, 
segment 20, and all ventral surfaces, including 
the legs, colorless. 

Head with vertex not greatly raised above the 
front but with 20-28 sharply rounded tubercles 
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of various sizes, the largest at the lateral margins 
behind the antennae but the margins not raised 
into a granular ridge as in cajuni. 

First segment with only the four large, equi- 
distant, primary tubercles in front forming a 
distinct row; the other six primary ones also 
equidistant from each other, one on each side 
of middle at posterior margin, a second latero- 
cephalad of it and the third still further forward 
and outward, behind and laterad of the outer 
tubercle of the front row. In addition there are 
many smaller tubercles of varying sizes including 
a dozen or more along the posterior margin, 
standing erect and not projecting beyond it. 

Body with lateral carinae quite narrow, de- 
scending more obliquely than in cajuni, the pores 
opening from blunt and cylindrical tubercles as 
long as thick, not in the least conical. Dorsum 
of segments with customary 4 rows of primary 
tubercles extending from segment 2 to 19, the 
median rows on the latter elevated but not thick- 
ened, and produced backward into 2 outwardly 
parallel processes that equal but do not exceed 
the tip of segment 20 which is visible in the 
deep V-shaped sinus between them. Secondary 
tubercles about 6 in number between the median 
primary rows but lacking behind segment 16; 
the 3 secondary ones between the outer and in- 
ner primary rows on the anterior four-fifths of 
body lacking on the posterior fifth. Last seg- 
ment as in cajuni. 

Gonopods as shown in Figs 6 and 7. 


Family PotypEsMIDAE 


Dixiedesmus erasus (Loomis) 

Two males and 6 females from east side of 
Blakely River, Ala., before entering the flats 
east of Mobile, on U.S. Highway 90, December 
19, 1958. 


Pseudopolydesmus bidens, n. sp. 

Seven males (1 the type) and 5 females from 
beside U.S. Highway 190, between Kinder and 
LeBlanc, La., December 20, 1958. 

Diagnosis —A small species, broader and flat- 
ter than minor (Bollman), with anterior corners 
of carinae dentate from segment 2 through 18, 
and with distinctive gonopods. 

Description—Largest specimen of each sex 12 
mm long and 1.7 mm wide. Living color dark 
brown, shining. Dorsum quite flat, the lateral 
carinae broad, thin vertically at junction with 
body; anterior corners scarcely rounded and 


each with a distinct tooth on segments 2 through 
18; lateral margins nearly straight, the porifer- 
ous ones with 3 setae plus 1 on the posterior 
angle, the nonporiferous ones with 2 plus 1 on 
the angle; posterior angles larger and more pro- 
duced on all segments, including 19, than in 
minor. Last segment triangular in dorsal view, 
its sides straight, not slightly emarginate as in 
minor. Gonopods (Fig. 8) with only 2 triangular 
lobes or teeth on the distomesal edge, the small 
papillose process located more than halfway to 
the tip of the gonopod. 

Dr. Nell B. Causey kindly sent me a male and 
female of P. minor, collected 1.5 miles west of 
Conway, Faulkner County, Ark., December 24, 
1953, by M. A. Jackson, which allowed me to 
make direct comparisons with bidens. P. minor 
is more slender and convex, with narrower lat- 
eral carinae which are relatively thicker where 
they join the body. Since a complete gonopod 
of minor has not been illustrated previously, one 
is shown in Fig. 9, in which the small papillose 
area or tubercle shown a short distance above 
the basal one is lacking from the opposite gono- 
pod. 

Pseudopolydesmus serratus (Say) 

Male and many females from beside US. 
Highway 190, at Kinder, La., December 20, 1958. 

Family EURYMERODESMIDAE 


Eurymerodesmus melacis Chamberlin and 
Mulaik 
Specimens collected in following Texas locali- 
ties in December 1958: Kerrville-Bandera; 
Landa Park, Nev: Braunfels; McQueeney; 
Schertz. 


Family StTRONGYLOSOMIDAE 


Oxidus gracilis (Koch) 


Numerous specimens from J. O. Vaughan 
Ranch, Schertz, and from McQueeney, Tex., 
December 1958. 


Family LysiopETALIDAE 


Abacion tesselatum creolum (Chamberlin) 


Male and female from Ponce de Leon, Holmes 
County, Fla., December 19, 1958. 


Abacion texense (Loomis) 


Numerous specimens from Kinder-LeBlanc, 
La., December 20, 1958; and following Texas lo- 
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calities, December 1958: J. O. Vaughan Ranch, 
Schertz; Kerrville-Bandera; McQueeney ; Landa 
Park, New Braunfels. 


Family RHIscosoMIDIDAE 


Tingupa sp. 

Two specimens, 4 mm long, with 28 segments 
each and having essentially black markings col- 
lected beside U.S. Highway 190 at Walker, La., 
December 20, 1958. 


Family CLEIDOGONIDAE 


Cleidogona sp. 


Two females near Blakely River before enter- 
ing flats east of Mobile, Ala., on U.S. Highway 
90, December 19, 1958. 


Mecistopus, n. gen. 


Type—Mecistopus varicornis, n. sp. 

Diagnosis—Included among genera having 
ninth male legs 5-jointed but differing in the 
coxal joint and in having joints 4 and 5 very 
small. Relationship with Rhabdarona Chamber- 
lin and Mulaik is indicated but the gonopods 
reach back along the body, when at rest, with 
tips inserted between the separated sterna of 
legs 12 and 13. Sexual differences of the last 
joint of the antennae also are unique. 

Description—Body of intermediate size, 
smooth and strongly shining with the outer dor- 
sal seta on each side of segments 2 to 8-13 
borne on a subconic tubercle set off above by a 
distinct longitudinal impression. 

Head with labral area convex and raised above 
the front; last joint of antennae differing in size 
and shape in the sexes. 

Gonopods unusually long, bent strongly cau- 
dad and lying in close contact with each other 
and with the ventral side of body between the 
coxae of legs 9 to 12 which have their sterna 
broadened; tips of gonopods curving up toward 
body between the well separated sterna of legs 
12 and 13, the latter wider than the sterna that 
follow. 

Males with legs 1 and 2 shorter and more 
slender than legs 3 to 7, which are crassate but 
have no other special modification except that 
the ventral face of the last joint of each leg is 
papillose; ninth legs 5-jointed, basal joint large 
and apically continued into a long, slender, erect 
and acute process, joints 4 and 5 very small; 


legs 10 and 11 with the poriforation of each 
coxal joint opening from a cylindrical process 
behind which, on leg 11, is a conic tubercle; 
twelfth legs lacking either process or tubercle. 


Mecistopus varicornis, n. sp. 


Many specimens, including male type, col- 
lected in collaboration with J. C. Loomis be- 
tween Kerrville and Medina, Tex., along High- 
way 16, December 26, 1958; a male from beside 
the Beauregard Road, 5 miles SSW. of Boerne, 
Tex., collected January 31, 1959, by J. C. 
Loomis; and a male from Landa Park, New 
Braunfels, Tex., December 29, 1958. 

Description—Length 14 to 17 mm, the males 
shorter than females. Fully colored living speci- 
mens are shining dark chestnut-brown with a 
very narrow longitudinal median light line, a 
tiny light spot surrounding base of first dorsal 
seta, and a larger oval light spot between the 
two outer setae; the hyaline dorsal setae are 
conspicuously silvery in daylight on the living 
animal, giving it a coarsely fuzzy appearance. 

Head with broad labral area convexly elevated 
above the front and with lateral margins behind 
it also elevated for a considerable distance; front 
hispid, much more densely so adjacent to the 
jabrum ; eyes well developed, triangular, in series 
of ocelli arranged 7, 6, 5, 4, 3, 2, 1, from above; 
antennae very long and slender, joint 3 longest, 
joint 7 differing in both length and shape in the 
sexes as shown in Figs. 10 and 11. 

On segments 2 to 8 or 9 of female and 2 to 
10-13 of male the outer seta on each side of dor- 
sum is near the posterior margin and borne on 
a distinct tubercle, largest in male, which is set 
off from the surface above it by a conspicuous 
furrow extending forward halfway across the 
subsegment. 

Anterior gonopods as shown in Fig. 12. Pos- 
terior gonopods small, reaching only to about 
the middle of the coxal joint of ninth legs and 
consisting of 2 apically thickened structures re- 
sembling wooden golf clubs on short shafts with 
the heads directed outward. Ninth legs 5-jointed, 
as shown in Fig. 13, the tiny, subhemispherical, 
fifth joint almost black in contrast to the nearly 
colorless preceding joints. Legs 10 (Fig. 14) and 
11 as in generic description, the anterior face of 
the broad sternum of each smooth whereas the 
anterior median face of twelfth sternum has a 
strong vertical ridge with sterna thereafter hav- 
ing similar but smaller ridges. 
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Family PARAIULIDAE 


Aniulus adelphus Chamberlin 


Numerous Texas specimens from J. O. 
Vaughan Ranch, Schertz; and McQueeney, De- 
cember 1958. 


Aniulus craterus Chamberlin 


Many specimens collected along Highway 16 
between Kerrville and Bandera, Tex., in collab- 
oration with J. C. Loomis, December 26, 1958. 


Aniulus vestigialis, n. sp. 


Male (type), female, and several immature 
females from Landa Park, New Braunfels, Tex., 
December 29, 1958. 

Diagnosis —Related to austinensis Chamber- 
lin but differing from it and all others of the 
genus in having the accessory blade of posterior 
gonopods reduced to a vestige near the base of 
the broad seminiferous blade. 

Description—Male 36 mm long with 58 seg- 
ments; female 31 mm long with 53 segments; 
both 2.6 mm in diameter. Living color mostly 
yellowish brown with a lateral series of dark 
spots at the pores. 

Head with mandibulary stipes of male as 
shown in Fig. 15. 

First segment of male about as long as seg- 
ments 2 and 3 together as measured either along 
the dorsum or lateral margins; a single strongly 
raised rim along the broadly emarginate lateral 
margin. Second segment with two strong lateral 
ridges, its lateral margin little if any lower than 
that of segment 1; ensuing segments with more 
lateral striations but the intervals not raised into 
ridges. Apex of last segment somewhat surpassing 
the valves, more acute than a right angle, its 
sides straight, not emarginate. 

Gonopods as shown in Figs. 16-18. Sternum of 
tenth male legs with a rounded surface swelling 
on each side and medianly its anterior portion 
developed into a long vertical ridge projecting 
between the posterior gonopods. 


Ethoiulus oreines (Chamberlin) 


Aniulus oreines Chamberlin, Bull. Univ. Utah 30 
(11): 6, figs. 18, 19. 1940. 


The figures cited above clearly indicate neces- 
sity of the transfer. 


Ziniulus ambiguus, n. sp. 
Two males (1 the type), a female, and three 
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immature specimens collected along the Beau- 
regard Road, about 5 miles SSW. of Boerne, 
Tex., January 31, 1959, by J. C. Loomis. 


Diagnosis—While the anterior gonopods 
closely resemble those of Hakiulus, the posterior 
ones are more typical of Ziniulus, especially Z. 
medicolens, and the mandibulary stipes are typi- 
eal of the latter genus. 

Description—Color dark, approaching black, 
with minor lighter markings. Type with 48 seg- 
ments, body 20 mm long, 1.7 mm wide; other 
specimens with 47 to 51 segments. 

Mandibulary stipes of male (Fig. 19) sub- 
quadrate, with both angles of nearly equal size; 
dorsal edge with a raised rim. 

First segment of male unusually short, the 
lateral margin but little longer than that of seg- 
ment 2 (Fig. 19) which may have 1, 2, or 3 lat- 
eral striations. Segments with transverse sulcus 
broadly bowed forward where it passes in front 
of the pore which is separated from it by about 
its own diameter. Last segment with apex 
slightly exceeding the anal valves but not de- 
flexed. 

Anterior gonopods (Fig. 20) resembling those 
of Hakiulus, the posterior ones (Figs. 21-23) 
with the flattened, uncate, blade rising from near 
the base of the bifurcate blade rather than dis- 
tad of its middle, as in medicolens. Sternum of 
segment 8 lacking a median projection in front. 


Ziniulus medicolens Chamberlin 


Numerous specimens of both sexes from J. O. 
Vaughan Ranch, Schertz, Tex., December 1958. 


Family ATOPETHOLIDAE 


Eurelus kerrensis Chamberlin and Mulaik 

A mature female, thought to be this species, 
from beside Highway 16, between Kerrville and 
Bandera, Tex., collected December 26, 1958, in 
collaboration with J. C. Loomis. 

The specimen has 52 segments and is 8 mm in 
diameter, similar in this respect to soleatus Cook, 
but is larger than is given for kerrensis, the 
smaller size of which was one of the characters 
on which the two species were separated. 


Family St1PHONOPHORIDAE 


Siphonophora sp. 


A young female, 8 mm long and with but 41 
segments, collected by Leslie Hubricht, March 
12, 1955, in Zilker Park, Austin, Tex., and sent 
me by Richard L. Hoffman. 
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The National Science Foundation has made a 
grant of $32,250 to the WasHincTon ACADEMY 
or ScrENCEs to conduct a several-faceted pro- 
gram in science education. This a part of a half- 
million dollar program of grants to 17 State 
academies similar organizations to 
strengthen their educational activities. 

The Acapemy’s program consists of four 
projects, which may be summarized as follows: 
To establish a community consultation service; 
to participate in curricular experiments inte- 
grating instruction in science and mathematics; 
and to organize round-table discussions among 
secondary school teachers, college instructors, 
and local scientists. The program is under the 
supervision of the Joint Board on Science Educa- 
tion, which will administer and coordinate all its 
phases. 

With reference to the consultation service, a 
central office will be established, with appropri- 
ate files to catalogue the scientific resources of 
the community. This file in the hands of a trained 
clerk will serve as a means for making these re- 
sources readily available to the various schools. 
The round-table discussions will be designed to 
create a better liaison between teachers, in both 
secondary schools and colleges, with local sci- 
entists in the several scientific disciplines. 

The curricular experiments will be conducted 
at both elementary and secondary school levels. 
Their objective will be to explore to what extent 
instruction in science and in mathematics may be 
coordinated to complement and supplement each 
other. Four public and two private schools in 
the local area have indicated their intention to 
participate in this program and conduct experi- 
mental courses. The grant makes it possible to 
reimburse these cooperators for direct costs in- 
curred by their participation in the program. 

Dr. John K. Taylor, of the National Bureau 
of Standards, has been named as director of the 
program and as such will have general responsi- 
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bility for its total operation. Dr. Taylor has had 
a long and continuing interest in science educa-¥y 
tion and has been a member of the Joint Board 
on Science Education since its inception in 1955. 
Dr. William T. Read, recently retired as scien- 
tific adviser to the Department of Defense, will 
be retained as executive secretary. In this ca- 
pacity he will be responsible for administration 
and implementation of the program. Dr. Read 
was one of the leaders in the cooperative effort 
by the D. C. Council of Architectural and En- 
gineering Societies and the WASHINGTON ACAD- 
EMY OF ScIENCEs to coordinate the educational 
activities of the local technical societies which 
resulted in the formation of the School Contacts¥ 
program and finally the Joint Board on Science 
Education. Dr. Read has also other extensive™ 
educational experience and is a former dean of 
the School of Chemical Engineering at Rutgers 

University. 

The Joint Board has appointed special ad- 
visory committees to give technical assistance to 
the participants in the projects. Thirty distin- 
guished scientists representing the disciplines of 
biology, chemistry, physics, engineering, mathe- 
matics, and geology, and affiliated with the ma- 
jor scientific and educational institutions of the 
area, will work in cooperation with the Joint 
Board’s Curriculum Committee to this end. Dr. 
Raymond J. Seeger is chairman of this latter 
committee. 

The program will have its headquarters in the 
office of the Academy at 1530 P Street, NW., 
Washington 6, D. C. The telephone number is 
ADams 4-5323. One of its projects is concerned 
with the establishment of a roster of scientists 
who can assist school teachers and their students 
by speaking to science clubs, consulting on sci- 
ence projects, and performing related activities. 
Dr. Read would be glad to hear from all who are 
interested in participating in this aspect of the 
program. 


164 
4 


had 
uca- 
oard 
955. 
clen- 

will 
| Ca= 
ition 
tead 
ffort 

En- 
CAD- 
onal 
hich 
tacts 
ence 
isive 
n of 
‘gers 


ad- 
ce to 
stin- 
as of 
ithe- 
ma- 


Joint 
Dr. 
utter 


1 the 
er is 
rned 
‘tists 
lents 

sci- 
ities. 
) are 
the 


* 


